Ford Motor Company 3001 Miller Road

Dearborn, Michigan 48121
October 10, 1985

Attention: 5HS-13

RCRA Activities

US EPA Region V

P. 0. Box 3587

Chicago, Illinois 60690-3587

SUBJECT: Ford Allen Park Clay Mine
Groundwater Monitor Waiver - 4O CFR 265.90 (c)
MID 980568711

Gentlemen:

The facility groundwater walver demonstration was provided to your
Technical, Permits and Compliance Section on January 26, 1983.

Subsequent studies completed since that time have been provided for your
review in the form of a revised demonstration dated October T, 1985.

Ag requested at the October 9, 1985 meeting, we provide herewith a revised
introductory page of the subject groundwater walver demonstration dated
October 10, 1985. Please replace the October 7, 1985 introductory page
with the enclosed revision.

Very truly yours,

Ben C. Trefhewey, Manager
Mining Properties Department

DEM/1r
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October 10, 1985

Ford Motor Compaﬁy

Allen Park Clay Mine Landfill =};'€¢a§,:f”

E.P,A, I.D, No. MID 980568711

Demonstration for Exemption of Subpart I’ Requirements
Under 40 CFR 264.90 (b) (4) and LO CFR 265.90 (c)

Demonstration is hereby made to walve certain groundwater monitoring requirements
as provided for under 40 CFR 264.90 (b} (4) and 4O CFR 265.90 (c¢) of the RCRA
rules, based on the favorable site geology to the aforementioned rules. Specifi-
cally, the requested exemption includes all sampling of the artesian agquifer
lmmediately below the Insitu saturated clay liner.

Site Degeription

Depositional Environment:

The site hydrology is governed by the last glacial period in which the Huron-Erie
ice lobe occupied southeast Michigan as shown on Exhibit A. When the ice lobe
retreated, a proglacial lake (Leke Maumee) formed, as shown on Exhibits B and C.
The site vicinity is located at least 16 miles from the shores of this lake. The
clay sediments deposited in the site viecinity reflect this low energy depositional
environment. The lacustrine clay is generally 80~120 feet in thickness and has
become an effective aguiclude since the recession of the lake. The recharge areca
Tor the underlying aquifer is the moraine and outwash complex to the northwest snd
the underlying Devonian carbonrate formations. There are no groundwater withdrawal
wells within a three mile radius of the facility.

Artesian Aguifer:

The confined aguifer is located approximately TO feet below the existing grade

at the Allen Park site and varles in thickness from one to six feet. It exerts

an upward hydrostatic pressure on the clay aguiclude equivalent to 80 feet of head.
This hydraulic gradient in the upward direction is a counteracting force against
those of leachate migration (drag coupling effect and chemico-osmotic diffusion).
Under these conditions, there is no potential for migration of liguid from the
regulated unit to the uppermost aguifer during the active life of the regulated
unlt and the post-clogure care period. Refer to BExhibit D for a full discussion
on leachate migration at the facility.

Sthsurface 20il Conditions:

The uniformity of the clay sediments in the Detroit area (Erie-St. Clair Plain)
has been documented by the numerous soilg exploration and foundation-engineering
studies required for all of the bullding and construction projects in the vieinity.

To be site specific, the following documentation has been established:

1) Clay mining operations, excavating clay for the manufacture of cement, have
encountered more than 45 feet of uniform material over the entire site.

2) Seismic work on the cell bottom indicates that the bedrock is between 57 and
TO feet below the cell bottom with uniform material to that depth.

' Refer to Exhibit E.
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CONTAINMENT INTEGRITY OF ALLEN PARK
CLAY MINE/LANDFILL
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Donald H. Gray
Professor of Civil Engineering
The University of Michigan

Ann Arbor, Michigan

July 1983
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SUMMARY

The possibility of leachate migration downvard from the
Allen Park Clay Mine/Landfill and contamination of an agquifer
beneath were evaluated.

Analyses show that density differences between the leach-
ate and groundwater will not cause a downward migration nor
will they lead to a diffusion efflux from the site. A thick,
uniform layer of silty clay beneath the site coupled with an
upward hydraulic gradient effectively preciudes the latter.

Comparison with results of salt water intrusion studies
across clay aquitards having similar properties as the clay
beneath the Allen Park site show that the solute (salt) will
take at least BOO years to migrate across a clay barrier 30 feet
thick under chemico-osmotic diffusion alone. A counter (or

upward} hydraulic gradient wiil lengthen this breakthrough
time even further. t

There are insufficient amounts of organic compounds in
the waste to affect the permeability of the clay. The proba-
bility of accelerated leachate migration through the underliy-
ing eclay is not supported by the composition of the wastes
and the nature of the clay nor by the findings of leachate
permeability studies reported in the technical literature,.

Under these circumstances any observed increases in
contaminant levels of monitor wells in the agquifer underlying
the site could more reasonably come from sources laterally

upgradient from the site rather than the clay mine/landfiil
above the site. .
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CONTAINMENT INTEGRITY OF ALLEN PARK CLAY MINE/LANDFILL

I. INTRODUCTION

The Ford Motor Company who operate the Allen Park Clay
Mine/Landfill have recently petitioned to discontinue ground
water monitoring of an aguifer located approximately 70 feet
below existing grade at the site. The landfiill is underlain
by dense, lacustrine clay which behaves as an aquiclude or
aquitard. At least 25 feet or more of residual clay
thickness separates the bottom of the landfill from the
underlying aquifer. The aquifer is under artesian pressure
and exerts an-upward hydrostatic pressure on the base of the
clay aquitard egquivalent to 80 feet of head. A general cross
section or profile illustating these soil and hydrologic
conditions at the site is shown in Figure 1. ‘ '

Applicant maintains in his petition for discontinuance
(EPA I.D. No. MIT 980568711) that monitoring is not necessary
at the site because of a) the dense, uniform clay underlying
the site which has a hydraulic permeability no greater than
6 x 1078 cm/sec and b) the artesian pressure in the underliying
agquifer which results in an upward hydraulic gradient across
the overlying clay agquitard. Applicant claims that these -
site conditions will preclude the possibility of leachate

migrating downwards out of the landfill and eventually conta-
minating the aquifer. :

In response to this-petition, the wWayne County Department
of Public Health has raised several questions and concerns
{letter form R.N. Ratz, Public Health Engineer, to B. Trethewey,
Mining Properties Department, Ford Motor Company, 28 April 1983).
The following concerns were raised in the letter: ‘

1. The petition/report fails to address the possibility
of leachate migrating down due to differences in
densities of the leachate and groundwater.

2. The petition/report does not indicate if there are
: any organic constituents in the leachate that may

increase the clay's permeability and permit downwargd
movement.

The purpose of the present report is to respond to the
above stated concerns. Additional information about the geo-
hydrology of the site, about past containment/migration studies,
and about the likely nature of the leachate and its effect on
Clay permeability are evaluated herein to determine the danger
of . landfill leachate migrating downwards from the site and
reaching the underlying aguifer.

‘—lTl-
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II. THE INFLUENCE OF PERMEANT DENSITY ON LEACHATE MIGRATION
ACROSS CLAY BARRIERS

A. GENERAL

Permeant density plays a direct and indirect role in flow
phenomena in porous media. Permeant density can affect solvent
or solution flow rates via its influence on hydraulie conducti-
vity. This influence can be calculated and shown to be minor or
insignificant compared to the more likely and important influence
of permeant density on solute diffusion.

A newly introduced permeant with a high concentration of
dissolved material (e.g., a leachate) will also have a higher
density. This high concentration in turn will cause the solute
to diffuse through a porous. medium to .regions of lower concentra-
tion. It is this manifestation or aspect of a density increase
in the permeant that recquires careful scrutiny and analysis. In
other words, the role and influence of permeant den51uy are
more important to solute diffusion under concentration gradients

as opposed. to solvent {or solutlon) COnvectlon under hydraulic
gradients.

The aznalyses that follow are offered in support of these-
claims.

— *

B. INFLUENCE OF PERMEANT DENSITY INCREASE ON HYDRAULIC PERMEABILITY

Both the viscosity and unit weight of a permeant can influence
the permeablllty of a soil to a particular permeant. The hydraulic
conduct1v1ty is defined in this case as a flow veloclty under
2 unit hydraulic gradient {the usual practice in civil engineering).
The influence of permeant density and v15c051ty can be ascertained
explicitly by defining another permeability, i.e.; the "intrinsic®
or "absolute" permeability

K=kn : . . (1)
k .

hydraulic conductivity, cm/sec 2
intrinsic or absolute permeablllty..
permeant density or unit weight, dynes/cm?®
permeant viscosity, poise

wheres

mn e H

e o w

The intrinsic permeability(XK) is a property only of the
so0lids or matrix through which the permeant passes. Accordingly,
for a particular soil (i.e., given grain size distribution and
501l structure) and in the absence of permeant-soil rea:tions,

K should be a constant. The influence of a variation in visco-
sity and density of the permeant on the hydraulic conductivity
can be determined from this fact and from a relationship derived
from Egquation 1, viz.,

wl 3=



ke = %, (Y2/g) () (2)

wvhere: subscript 1 - initial conditions (grnd water)
subscript 2 - final conditions (leachate)

An increase in density of the permeant will apparently
cause a higher permeability. But, this same increase in
density can also result in an increase in viscosity which
will reduce the permeability. Both influences together will
tend to offset one another, and it is unlikely that a density
increase in the permeant (leachate) will significantly affect
hydraulic conductivity. Furthermore, even if viscous
retardation is discounted, density increases are highly
unlikely to significantly increase permeability in actual
practice as the following example will show.

Assume the ground above an aguitard or clay barrier is
flooded with a fairly concentrated brine solution, namely
sea water. The density of sea water (with a TDS of 36,000 ppm)
is 1.036 gm/cc at 4° C vs. the density of the present intersti-
~tial water (with an average TDS of 1550 ppm) which is 1.002
gm/cc. This leads-to a density ratio of 1.0347which is equiva-
lent to only a 3.4 per cent increase in hydraulic conductivity
(discounting viscous retardation). Therefore, density has
little effect on hydraulic conductivity despite the almost.20
fold increase in dissolved solids concentration. It is the
influence of the latter change, i.e., the increase in dissolved
solids concentration, that requires careful analysis in evaluat-

ing the effectiveness of a clay barrier in containing leachate
migration in this case. -

C. INFLUENCE OF PERMEANT DENSITY INCREASE ON SOLUTE DIFFUSION

1. Background

Dissolved solids or solutes in a permeant can be trans-
ported through soils under both hydraulic and concentration
gradients. The former is referred to as "drag coupling" and
the latter as "chemico-osmotic diffusion.™ Both types of
movement should be considered when evaluating the effective-
ness of a clay barrier for preventing leachate migration.

Chemico-osmotic effects in fine grained soils have
been examined in some detail by Olsen (1968) and Mitchell
et 2l1.(1973). The importance of chemico-osmotic diffusion
increases in fine grained soils wilth low hydraulic conducti-
vities. Studies commissioned by the State of California(1971)
on salt intrusion problems in aquifer-aguitard systems have
shown that as aquitards become clay rich and their permeabi-
lities fall to levels on the order of .D02 gpd/ft*~ or 1077
cm/sec, the migration of solutes will be controlled by chemico-
osmotic diffusion.

—l?k-



2, Flow of Solute under Combined Hvdr. and Chem. CGradients

Eguations can be derived which describe the flows
of solute and solution in the pores of a sediment. The
derivation of these eguations and assumptions on which
they are based are given by Mitchell et 21.(1973). The
one-dimensional, vertical, steady state flux of soclute
across & clay aguitard under a combined salt concentra-
tion{chemical) gradient and hydraulic gradient is given
by the following relationship:

%

where: & = salt flux across an aguitard, moles/sec/cm™
a2h/2z = hydraulic gradlent (dimensionless) _
acs/bz = solute concentration gradient, moles/cm

diffusion constant, om</sec

gas constant, ergs/mole/°K

density of water, dynes/cc

absolute temperature, °K

average salt concentration, moles/cc

hydraulic conductivity, cm/sec

‘chemlccﬁosmotlc coupllng coefficient,

. em®/mole/sec

[B¥TR)g X, + gk, 1 ®h/oz + [ D+ gk, 13 /2z  (3)

f

7 2 gm0

B oo ow N

Kc,h

Relative contributions to the salt or solute flux

_ can be calculated from Equation 3. Movement of solute
can occur by diffusion whether a hydraulic gradient is
present or not. A superposed hydraulic gradient may re-
tard or accelerate movement of solute depending on:

a) Relative magnitude and direction of the hydraulic
and soclute concentration gradients.

b} Values of the hydraulic conductivity and chemico-
osmotic coupling coefficient.

Eguation 3 only yields the steady state flux of solute
under combined hydraulic and chemical gradlents. Equations
can also be derived that give the initial ‘or time dependent
solute fluxes and the time required for "breakthrough® or
first appearance of increased solute concentration on the
downstream side of the aquitard. This initial, non-steady
state process is quite complicated. Examples have been
worked out for aquitards of different thicknesses and compo-
sition by Mitchell et =21.(1973).

One of the most important findings of these studies
on salt flux across clay aguitards was the importance of
aquitard thickness on breakthrough time. Because the ini-
tial movement is non-steady, the breakthrough time increases
with the square of the thickness of the aquitard. Theore-
tical studies of salt water intrusion across aguitards
(State of California, 1971) have shown that salt ions will

=175



take up to 800 years to migrate across an agquitard 30 feet
thick under chemico-osmotic diffusion alone. If the thick-
ness is reduced to 10 feet, the breakthrough time decreases
to only 80 years. The presence of an hydraulic gradient
could either accelerate or retard this time depending on
the relative magnitude and direction of this gradient and
other factors cited previously (see Figure 3).

Likelihood of Solute Effiux Throuch Clay at Allen Park Site

Solutes will tend to migrate or diffuse downward from
the landfill along a concentration gradient. On the other
hand, this movement can be impeded or even arrested by
the upward hydraulic gradient as a result of artesian
pressure in the underlying aquifer. Static water levels
in monitor wells around the landfill show that the piezo-
metric surface is almost 10 feet above existing grade or
ground surface elevation at the site (see Table 1). The
net, steady state flux of solute, if any, can be deter-
mined under these conditions from the solute flow equation
cited previously (Egquation 3).

It is also pertinent to examine the results of a
similar type of study commissioned by the State of
California (1971). The latter study was designed to

~determine salt efflux rates and breakthrough times in'an -

agquitard-aquifer system in the coastal ground water
basin near Oxnard, California {(see Figure 2). The
problem posed in the California study was basically the
same as the pre#sent one; namely, given a sudden
increase in dissolved solids or solute concentration
atop a clay barrier (or agquitard) how long before the
salt migrated downward and reached an underlying aquifer
and at what rates of efflux? The problem was compounded
in the California example as a result of drawdown of the
piezometric surface in the underlying agquifer which also
caused a downward hydraulic gradient.

The two aquitards are quite similar in their
important respects. Both are approximately the same
thickness, have the same initial dissolved solids concen-
tration, and are composed of clayey sediments with low
hydraulic conductivities. The salient charateristics
and parameters of these two aquitards are summarized
and compared in Table 2. The main difference appears
to be in their respective hydraulic conductivities--
the Allen Park clay is an order-of-magnitude lower.

A dissolved solids concentration egual to that of

sea water was assumed in the leachate overlying the Allen
Park clay. Sea water is a good "worst case" choice because
sodium ions have high diffusion mobilities and are not
preferentially adsorbed on clay exchange sites as heavy .
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TABLE 1. ALLEN PARK CLAY MINE
MONITOR WELL - WATER LEVEL READINGS

© Well E1evat10n(1)

Ground water(z)

(4) Well extended temporarily to obtain water level.

t

(2) Data Récorded by Michigan Testing Engineers, Inc.

(3) Data obtained from Michigan Department of Natural Resources.

Well Ground : Elévation
Number Elevation, Ft. USGS 11-4-81
2 595, 1 600.76 600.67 36
5 595. 7 605.92 605,09 a4
7 594. 1 597.35 so1.01 >
10 593.4 ‘ 603.03 601.81 8.4
W-101 593.9 601.47 601.21 "3
W-102 591.3 600. 81 603.22(%) 1.9
W-103 593.9 - 605.06 603.52 4.6
N-104 594.1 603.82 603.81 A6
"W-105 594.5 . 604.08 603.86 a4
(1) Hell Elevation 1s recorded as top of standpipe. Bpo B9

Ground Water
Elevation
5-29-81

Ground Hater
Elevation
3-26-81

600.44
604.62
593.23
601.93

600.21
604.49
5954.11
601.56

TABLE 1
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TABLE 2. COMPARISON OF AQUITARD PROPERTIES AND SITE PARAMETERS

AQUITARD PROPERTY
OR SITE PARAMETER

Composition

Thickness, ft

Ave. Water Content, %

Ave. Liquid Limit, %

Ave. Hydraulie Conduct, cm/sec
Hydraulic Gradient

Initial (interstitial)

Pore Water Solute Conc, ppm
Final Solute Conc, ppm

Chemico-Osmotic_Coupling
Coefficient, cm”/mole/sec

_178_

OXNARD
CALIFORNIA

clayey silt &

silty clays

30
24
31
-7
l x 10
0.33 - 1.0
(downward)
1800
36,000
-4
6.2 x 10

ALLEN PARK
MICHIGAN

silty clay

25 - 35
20
28
-8
2,6 x 10
2.7
{upward)
1550

36,000
{assumed)

-4
6.2 x 10
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metal ions would tend to be. The same cherico-osmotic
coupling coefficient used in the California aguitardé was
also assumed applicable for the Allen Park clay. The value
used is reasonable for the type of clay sediments present.

Results of the California study are presented in Fig-
ure 3 which shows the salt influx into the underlying aqui-~
fer as a function of time, Curves are presented for a no
drawdown and 10-foot drawdown case (assuming the hydraulic
gradient acts in the same direction 25 the salt concentra-
tion gradient). The horizontal portion of the two curves
represents the steady state salt flux.

The main things to notice from this figure are the
large breakthrough time (800 years) for the "no drawdown®
case {i.e., in the absence of any hvdraulic gradients)
and the fact that in this agquitard the salt flux
caused by drag coupling under a hydraulic gradient is
larger. The steady state salt fiux from the drag coupling
under a combined 10-foot drawdown and salt concentration
gradient is almost three times that from diffusion alone
{(no drawdown). Hence, in the event the hydraulic gradient
was reversed, there would be no breakthrough and no down-
ward salt flux provided the upward gradient exceeded about
0.2. 1In other words, under these conditions the two salt
fluxes would be mutally opposed and exactly counterbalanced.

The relative contributions to steady state efflux in
this example can be calculated with the aid of Egquation 3.
The following parameter values (taken from the study) were
used in the calculation:

2h /3z =&4h /AL = 10/30 = 0.33

3c f3z ™ (g5 - & )AL = 0.57 x 10 = 0.62 x 10 moles/cm?
14

G = (g, + ¢ )/ 2= (0.60 = 0:03)x10 = 0.32 x 10 moles/cr?

-

D= léiicmg/sec

R = 8.32 x 107 ergs/mole/ K

T = 300 °K

X, = 10° dynes/cc i .
Ky = 10-7 cm/sec
Kew = 6.2 x ld_+ cm®/mole/sec

Using these values the calculated contributions to
steady state solute flux are respectively:
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Drag Coupling: %, = [(k'u/RT)% Ky, + Cgknl @Wez

Y -7 -3 =7
= [107(2xi0 ') + 0.32x10 (10 )% 0.33
[8.32x107(.3x103)

ws
= 1.056 x 10 moles/sec/cm~

-§
= 0,98 x 10 moles/sec/ft:L

Chemico-Osmotic Diffusion:

Js, = [ D+ Csk:chl d¢ /oz
-E « 7 )
= {10 + 2x10 ] 0.82x10

N

= il
0.83 % 10 moles/sec/cm&

-8 :
.58 % 10 moles/sec/ffk

"

The total salt flux is the sum of the contributions
from drag coupling and chemico-osmotic diffusion or

-8
(0.98 + 0.58) x10

o

-

1.56 % 10”9 moles/sec/ft:L o

These calculations are in agreement with the results
shown in Figure 3 for steady state salt inflow under com-
bined gradients. They also illustrate that the drag
coupling contribution under a 10-foot drawdown (0.33
hydraulic gradient) exceeds the chemico-osmotic diffusion
contribution, '

In the case of the clay aguitard beneath the lanpdfiil
at Allen Park, the average hydraulic qgnductiy;ty is almost
an order-of-magnitude lower (2.6 x 10 °vs. 107/ cm/sec).
This will tend to decrease the drag coupling. On the other
hand, this tendency will be more than offsef by higher
hydraulic gradients at this site, If the level of the
leachate is kept at or close to the bottom of the landfill,
then the gradient will approach B0/30 or 2.7. The drag
coupling component of solute flux in this case will be _

- -3 - s

g = 10°(x107) +0.32x10 (2.6x16%)] x 2.7

! [ 8.32x107" (.3x10%) ]

=iE =i .
[ 0.008x10 + 0.B32x10 ] x 2.7 -
z

i

il
2.25 x 10 moles/sec/cm

-5
2.09 x 10 moles/sec/ft
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This flux is greater than 3X the chemico-osmotic flux;
and since it acts in the opposite direction, there will
be no net downward flux of solute at the Allen Park site.
The critical hydraulic gradient to maintain a zero net salt
efflux is 0.8, This means that the groundwater table could
rise to within 12 feet of present ground elevation (~595 ft%)

in the landfill and there would still be a sufficient upward

hydraulic gradient (drag coupling effect) to completely
counter solute efflux under chemico-osmotic diffusion- (see
summary below).

Position of Ground Upward .- Net, Steady State

Water Table in the Hydraulic © Solute Efflux Rate
TLandfill Gradient (moles/sec/fE)
At bottom 2.7 -1.51 x 10-5
' {net influx)
12 feet from top 0.8 zero
) -8
At top 0.33 +0.32 x 10

These calculations are based on the existence of a static
or piezometric head in the underlying acuifer approximately
9-10 feet above ground elevation (see Table 1).

Assumption of worst case conditions, namely, a rise
in the groundwater table in the landfill to ground surface
elevation, leads to a small, steady state efflux rate from
chemico-osmotic diffusion. This occurs because the
resulting hydraulic gradient ( 0.33) is no longer large
enough to completely oppose the chemico-osmotic salt flux.
The breakthrough times, however, would be so immense
(1000's of years) that the steady state flux under these
conditions is largely irrelevant.

It is important to note that the preceding calculations
are also based on the following "worst case" assumptions:

1. A highly saline leachate with a concentration
and composition equal to that of sea water.

2. No interaction between the solute and clay.
In actual practice, there would be some uptake and adsorp-
tion of solutes on the clay. This adsorption would

attenuate or limit further solute concentrations in the
leachate as it passed through the clay.
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III. EFFECT OF LEACHATE CONSTITUENTS ON THE PERMEABILITY OF CLAY

A, GENERAI BACKGROUND

The possibility that leachate--either in the solvent or
sclute phase~-might affect clay permeability and hence its
containment integrity has been raised by a number of investiga~
tors (Anderson and Brown, 1981; Hawxo, 19813 and Folkes, 1982).
One of these studies has shown that concentrated organic ligquids

can increase clay permeability by several orders-of-magnitude
{Anderson and Brown, 1981).

A11 of these studies were conducted in the laboratory
with simulated leachates from particular types of wastes and
under particular testing conditions. The danger of blindly
applying these test results toc a field situation have been

‘noted recently by Gray and Stoll (1983). It is essential to
ask the following before the results of these lab tests can
be applied to a given field situation:

1. ¥What was the nature of the leachate in the lab tests?
What are the concentrations of various constituents
in the leachate in the field as opposed to the lab
tests? How relevant are the lab test results in the
light of potentially large differences in leachate
composition (lab vs. field)?

2. How did the leachate contact or interact with the clay
in the lab tests? Was it forced through? If so, at
what gradient? @ Is there any prospect that the leachate
will be able to penetrate/permeate through the clay
containment in the field in like manner? In other words

are the necessary gradients and other conditions present
to permit this to happen?

3. ¥What was the faiiure or clay degradation process by
which the apparent permeability increase occured in
the lab tests? Was it by a) dissolution, b) syneresis,
¢) piping? Could these mechanisms redsonably occur
in the fieid given the type, water content, and density
©of the in-situ clay plus the nature and concentration
of organic and inorganic compounds in the leachate?

B. WASTE AND LEACHATE COMPOSITION AT THE ALLEN PARX CLAY MINE

The types, composition, and relative amounts of wastes
placed in the Type II Solid Waste Landfill at Allen Park are
shown in Tables 3 and 4. The results of typical E.P.T leachate
tests on these wastes are shown in Table 5. The likely nature
and composition of the landfill leachate can be estimated from this
information. This estimate is adequate for purposes of evaluating
the probable effect of the leachate on clay permeability.

w183



TABLE 3. ALLEN PARK CLAY MINE - SOLID WASTE

LANDFILL CONSTITUENTS

Fly Ash

Blest Furnaes Tilter Ceke

Construction Debris - Sweepings - Clean.Up

BOF Dust
Foundry Sexni
Electric Furnece Dust
Cc;él end Toke
Coke Oven Decexnter Ter Sludge
Glass
Wood Ash N
BOF Kish
Wastevater Trestment Sludge

Grinding Mud :

-18L-
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50%
15%
144

L.8%

0.6%
0.5%
0.5%
0.3%
_0.270

. 0.1%
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EP Joxic

iran
Carbon
Arsenic
Barfum
Codmium
Chromipn
Lead
Hercury
Seientum
Sitver
Hangenose
finc
Phosphorus
Sulfur
Cale
Magnesiun
Alumninum
Silicon
Potaseiym
Sodium
Fluoring
Cyanide
Phenol
Kaphthalenp

Decsnter Tank

Tar 5ludge

P S

14
1,800
2,100

TABLE 4, ALLEN PARK CLAY MINE WASTES,

AS RECEIVED ANALYSES (mg/kgm).

tlectric Are
furn, Dust

— it —— e o

Yoo (Zn,Ph, O}

350,000
4, T00
H
«l
95
s00
4,500
<
120
{
35,000
150,000
50
3,600
51,000
11,000
2,400
15,000
5,900
L, &0
26
(1
i

T

piszst Furn,
Flue Dust

Ho

122,000
520,000
19 ,
<1
<l
€]
@}
<]

98
<]

7,500
120

200
4,000
18,000
7,500
2,200
2n 000
oR0

LEN;

10

al

<f

LT

Par Flue

Dust

- e —

M

560, 00¢

7,400
a7 .
e}

130
3,000

2]

e}

«]
10.000
27,000
190
1,600
Z.UOQ
§.000

7,000
5,000
2,300
]
<}

TN

filast Turn,
Ftiter {nke

e e bt e i

to

150,000
£04,000
Z
20
]
70
350

<l

el
9
4,500
400
00
4,000
20,000
13,000
3,700
R3,000
2,207
1,500
4

o ba e gn

TYPICAL

Foundry .
_Sand _ RNOF kish  Fly Ash  Lime Dust
Py Ho Exeenp Ho
1,200 490,000 M, 500  .oe-
6,600 240,000 194,000 oo=--
Pt I i sucs @oos
el ¢l h bl sese
a} el wwae wean
Q] 60 L L LT
a4 el cewn cave
<] el mowa eneo
35 70 asee coss
<} ’3) sooe womeo
79 2,000 coan smen
40 . 154 ereo weoan
400 170 coee move
200 50 3,100 waan
60 310 13,100 714,700
100 3,000 5,400 B
e 1,600 147,200 <---
450,000 25,000 201,700 e=--
170 640 9,700 mena
J50 630 3,700 cmma
el a8 ware cona
el <] weos wses
el 2 seca ceon

2
oo

H

209

tnké:nrvrsv

iar

5. 800
H80. 000
1%
<]
<}

i

69

W}

-~
o

19

17
110
90
7,300
a0

s
0,000
20
Ay,

<l
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TABLE 8. ALLEN TARK CLAY MIINY SOLID WASTIYS
TYPICAL E.P.T. LEACHATE 1TEST RESULTS (Me/1)

. Woustewuler

Blust Furnace BOF Flue Blayt Furnace Foundry BOF Coke Treatmenl
Farometor Flue Dust ot '11ter Cake Sand Kish Brecze Shadye
Arsenic 0,0h 0,02 {0,1 ‘ 0.03 0.1 Lo0.1 00N
Barium 0.8 {0.0k 0.8 {0.08 0,8 lo.8 45
Cadmium 0.01 - 0,03 . 4 0,08 £0.005 {0,005 £0.005 .00%
Chromium 0. Z 0,05 Z 0,05 0.1 0.1 20,1 .10}
Leud 20,2 1.7 1.7 - 20,2 4 0.2 20.2 VAL
Mercury 0.,0007 £ 0.01 (0,2 " Lo.2 £0.2 L0, LU,
Gelenium 1.0 £ 0,01 Lo 0.10 " 0.h £0.5 L0
Silver 0.1 . £ 0,01 £0,01 £0.1 - 40,1 0,1 LU,

Compl Y P Ry
| ‘ Jiarch 1, 30
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The data in Tables 3 and 4 indicate that 50 per cent of
the solid waste consists of relatively inert fly ash and that
some 89 per cent of the wastes consist of materials that do
not contain significant amounts of heavy metals (Zn, Pb, ¢d)
©r organics known or suspected to be toxic such phenol and
naphthalene (see Table 4). The coke oven decanter tar sludge
is a possible source of organics (phenol and napthalene)}, but
this waste comprises only 0.6 per cent of the total stream in
the Type II Solid Waste landfilil. .

C.. PROBABILITY OF ORGANICS IN LEACHATE AFFECTING CLAY
PERMEABILITY AT ALLEN PARK SITE :

Anderson and Brown (1981) found that several organic
liquids, viz., aniline, acetone, ethylene glycol, heptane,
and Xylene, cause large increases in permeability of four com-
pacted clay soils. Pure organic liquids were used in their
study. One of the authors (Anderson, 1982) later emphasized
that their results gannot be used to support claims that clay
.liners permeated by dilute organic liquids may be susceptible
to large permeability increases.

Haxo {1981) reported results of up to 52 months of liner
exposure to selected industrial wastes. He included several
organic wastes, namely, aromatic oil, 0il pond 104, and a
pesticide. The results of large permeameter tests on a compacted
fine-grained soil and admixed materials are summarized in
Table 6. Although a small amount of seepage passed through
the compacted, fine-grained soil liner, no permeability increases
vere reported with any of the organic wastes.

On the basis of these studies and with the caveats noted
at the beginning of this section in mind, it is possible to
evaluate the likely effect of the landfill leachate on clay
permeability at the Allen Park site.

1. Type IT Solid Waste Landfill

As noted previously the existing landfill contains
small quantities of coke oven decanter tat sludge which
is a possible source of organics {phenol and
naphthalene}, but this waste comprises only 0.6 per
cent of the total. Phenol and naphthalene are present
in the tar component of this waste in concentrations
estimated by Desha (1946) of 0.1 and 2.2 per cent by
weilght respectively. BAccordingly, the amount of phencl
and naphthalene present in the total waste stream are
.006 and .013 per cent by weight respectively. These
amounts constitute a very low fraction and they suggest
that leachate from the totzl waste stream will tend to
have very low concentrations of phenol and napthalene.
Therefore, the organics in the leachate from the Type
IT Solid Waste landfill are guite unlikely to affect
clay permeability.
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TABLE 6. EFFECTS OF INDUSTRIAL WASTES

(from Haxo, 1981)

ON BOIL AND ADMIX LINERS

By e et e
' Lead Oily waste
Liner Acldic waste Alkaline waste (low lead gaa Pesticide
material (HNO,, HF, HOAQ) {spent eaustic) washing) Aromatic oil Oil pond 104 {weed killer)
Compmcted Not tested Measurable rate of seepage k=1.8x10-t° t t
Ane-grained soil v, = 1" 10" m/s, waste km2 4|00
305 mm thick peactrated 35 cm after 30 months (a) kw2 Gt
‘ ) {tests on soil
. after 30 months)
Soil cement Not tested " No measurable seepage after 30 months
100 mm thick
Modificd bentonite Not tested Mcasurable seepage after 30 monihs, channelling of waste Failed t
and sand (2 (ypes) Into bentonite (b) (waste seepage
127 mm thick . through liner)
Hydrauflc saphalt . - Failed Satisfuctory Waste stains Not tested Not fested Satisfactory
coficrete below liner '
64 mm thick asphalt mushy
Spray-on asphalt Not tested Satisfactory Waste stains Not tested . Not tested Satisfactory
and fabric below liner ‘
8 mm thick

-*From dsta presented by Haxzo (1981),
tSame ns (a).
1Same a1 (b),
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Type I Hazardous Waste Landfiill

In the future the decanter tar sludge will be
placed in a separate landfill that will be upgraded to
accept hazardous wastes. This action will increase the
relative proportion of organics (phenol and
naphthalene) in the waste stiream. Leachate tests run
on pure samples of decanter tar sludge using a .
distilled water extraction procedure (Calspan, 1977)
have produced phenol concentrations of approximately
500 ppm. Even this concentration is far removed from
the very high concentrations of organic solvents used
by Anderson and Brown (1981) in their permeability
tests on different clays. Accordingly, organics in the
leachate fiom the Type I Hazardous Waste landfill are
also unlikely to affect clay permeability.

In summary: It does not appear likely nor reasonable that

organics present in the wastes at the Allen Park Clay Mine/Lang-

fill will cause a permeability increase given their low concen-

tration and the absence of any substantiation in the published
technical literature for such an increase under these conditions.

@]l 8Gw
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IV. CONCLUSIONS

(1). There appears to be very little likelihood of leachate
migrating downward from the Allen Park Clay Mine/Landfill and
contaminating the aquifer beneath the clay.

(2). A density difference between the leachate and groundwater
will have little or no influence on hydraulic permeability

or downward migration nor will it lead to diffusion efflux of
solutes. A thick, uniform bed of silty clay beneath the site
coupled with an upward hydraulic gradient precludes the latter. -

Calculations and analyses are provided herein to support this
finding. ’

(3). Comparison with results of salt water intrusion studies
across clay aguitards having similar properties as the clay
beneath the Allen Park Clay Mine site show that the solute (salt)
will take at least BOO years to migrate across a clay barrier

30 feet thick under chemico-osmotic gradients alone. A counter
(or upward) hydraulic gradient will increase this breakxthrough
time even more.

(4). The waste and its leachate are unlikely to increase the
permeability of the underlying clay. This claim is reasonable
in view of the low concentrations of organics in the total,
waste stream and in the light of the findings and caveats of
permeability/exposure tests with organic permeants reported

in the technical literature. This conclusion applies to both°
the existing Type II Solid Waste landfill and a proposed

Type I Hazardous Waste landfill that will accept the coke oven
decanter tar sludge.

(5). The composition of the waste and underlying clay do not
suggest properties or combination of properties that could lead
to a containment failure caused by such processes as piping,
acid/base dissolution, or syneresis.

{6). Under these circumstances any observed increase in con-
taminant levels of monitor wells in the aquifer underlying
the site could just as well come from other sources laterally
upgradient from the site rather than from the clay mine/land~
£fill above the site.

(7). These findings and conc.usions support the basis of

applicant's petition for discontinuing further monitoring of
the wells penetrating the aquifer beneath the site.
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_ CpNT’AuNMFJW"" /Nfé@ﬂ,i?’)l &F Mﬂ‘l
° Cody adindl” fr e/l Foe o

1704 Morton Street
- . Ann Arbor, Michigan
48104
¢

. 25 September 1983

¥Mr. Mark Young

Wayne Disposal . Company ¢
P.D. Box 5187 . . ‘

Dearborn, MI 48128

RE: Allen Park Clay Mine/Landfill

Dear Mark:s

I recently wrote a computer program (*CLAYWALL®*) that can be
used to calculate solute transport across a clay barrier under
combined diffusion and advection (hydraulic fiow). The pro-
gram computes the exit/source concentration ratio (C/Co) as a

function of elapsed time (t) on the downstrear side of a clay =~
wall or barrier of thickness (X). o

The program was written with a clay slurry cut-off wall in mind, *
but is general enough that it can be used with any clay layer
or barrier. The input parameters to the program are:

-

D, = efffective diffusion coefficient, ftz/yr
K = hydraulic permeability, ft/vr
X = thickness of wall or barrier, &
P = porosity
I

= hydraulic gradient...{+) if same direction,

(-~) if opposite direction to sclute concen-
tration gradient ' -
t = elapsed time, yrs

The program is based on the solution to the equation that des-
cribes one-dimensional solute transport in a saturated porous

medium under both hydraulic and solute concentration gradients. s
This eguation has the following form: R T

Nt
=

C/Co = 0.5[erfc((X-vt{/sqr(4gx)) + exp(vX/D) erfc((x+vt)/sqr(4gﬁjlj

wvhere: v = ave seepage velucity = (RI/P) L

The solution assumes the following conditions:
l. Saturated, one~dimensional flow.

2. No reaction between solutes and porous medium. Chioride
typically behaves this way.
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3. Diffusion controliled, i.e.,

the pore water velocity is

B0 low that mechanical mixing is negligible and the dig-

persion is

(this condition is satisfied

egual to the effective diffusion coeffficient.
Vhen K( 1-@5“‘070 -

I ran the program using data for the éilty clay layer underlying

the Allen Park ClayMine/Landfil].
input data were used:

D

4t o4 A

W n

The results of the

At .a counter hydraulic
eoncentration ratio does not exceed

have elapsed. You
©f =0.3 occurs vhe

emaller.

elapsed times.

These results confirm the findings

weré based largely
clay aquitards.
of actual soil and

In fact for 1¢
iarger than 0.5) the ratio €C/Co is less than 1.0E-05 at alil

The following values for the

0.102 £t%/yr (6.3E-06 cn*/séc)
{published value for clay tilils)
0.025 ft/yr (2.5E-08 em/sec)

30 £t . s
30 % . -
-0.1p~0.3, and “‘11:-0 : IS

L]

analysis are shown in the attached graph.
gradient of -0.3 the exit/source solute
0.0001 until 700 vears

may recall that a counter hydraulic gradient

n the leachate is allowed to rise in ¢he land-" .

case scenario. For larger ;..
hydraulic gradients the ratios become even kS

-0.5 (i.e., counter hydraulic gradients?~f
cr

of my earlier report which
on analogy to solute transport studies in

The present findings are based on analysis

site parameters. Keep in mind, alsc, that

the analysis is still quite conservative because it neglects
-possible adsorption {reaction) of solutes with the clay.

A copy of the computer program and typical

It is written in
computer. If

Encl

BASIC and is designed to be

you have any questions about the analysis, please
feel free to contact me. .

cutput are enclosed. .
fun on a personal -, °

Sincerely,

ol 4.

Donald H. Gray Syl
Professor of Civii Engineering DA
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1704 Morton Street
Ann Arbor, MI 48104

16 February 1984

Mr. David S. Miller

Mining Properties Department
Rouge Steel Company

3001 Miller Road

Dearborn, MI 48121

RE: Allen Park Clay Mine/Landfill

Dear Dave:

I have reviewed the memorandum dated January 23, 1984, from
Terry McNiel, Technical Services Section, to Larry Aubuchon,
Compliance Section, Detroit District, MDNR. The memorandum
essentially raises the following objections to the findings
and conclusions in my report, viz.,

Objecticn 1. There is no substantiation nor literature cita-

tions to show that organics present in the waste will not in-
crease permeability. 4

Objection 2. The presence and possible effects of napthalene

in the waste are disregarded.

&

Objection 3. Uncertainties remain about the actual composition

and likxely nature of the leachate.

Objection 4. The report does not address the question of com-
patibility between the following:

a) Leachate and leachate collection system components

b) Generated gases and clay cap.

In the opinion of the MDNR reviewer Objections 1,2,and 3
taken together mean that Specific Condition 5.A.4 (a) of Act
64 license is not satisfied. The reviewer goes on to say,
however, that they (MDNR) would accept compatibility testing
between actual leachate being generated and the on-site clay
being used for containment. I will respond herein to these
stated objections and opinion. Objection 4 which pertains to
Specific Condition 5.A.4 (b) and (c¢) is cutside the scope and

original charg> of my investigation.

Objection 1 is a version of the "guilty until proved innocent"
syndrome. I understand and even sympathize with this approach
in matters which deal with the release of potentially hazardous

substances into the environment. There is, however, considerabkle

substantiation in the published technical literature for the

contention that organlcs present in low concentrations in aequous

leachate will not increase the permeability of dense clays.
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David 8. Miller 2

Leachate permeability tests on sand-clay columns packed to bulk
densities within the range of densities of natural clays {Cart-
wright et al., 1977) have shown that permeability actually
decreased with passage of leachate (containing organics). These
tests were continued for periods up to nine months. Decreases
were even more pronounced for raw, unsterilized leachate. In
addition to permeability reduction from the passage of leachate,
Griffin and Shimp (1976) have shown that heavy metal ions (Pb,
Zn, Cd, Hg) are strongly attenuated by clay. Organics that
were present in the leachate were only moderately attenuated

by the clay; they did not increase hydraulic conductivity.

We have also conducted long term leachate permeability tests
ourselves on a silty clay almost identical in composition to
the clay underlying the Allen Park Clay Mine/Landfill site
(Gray, 1982) and found the same results, i.e., no increase in
permeability was observed. A chemical analysis of the leachates
used in all these permeability tests is attached. Note the
presence of napthalene in one of the leachates--a constituent
whose presence and influence the MDNR reviewer claimed we had
not considered. JNote: Cited references are listed in an
attachment to this letter report.}

It is important to emphasize again the fact that leachate rer-
meability tests conducted by Anderson (1982) are totaly unrepre-
sentative of conditions at the Allen Park site. These tests

are often cited as an example of the deleterious influence of
organic solvents on clay liner permeability, Anderson's tests
are unrepresentative and irrelevant for the following reasons:

1. He used pure organic solvents. The leachate at the
Allen Park Clay Mine/Landfill will be an aegquous extract
containing very low concentrations of organics.

2. He forced the solvents through clays at extremely
high, positive gradients. Anderson used positive grad-
ients ranging from 60 to 300. At the Allen Park site
there will be negative (reverse) gradients ranging on
the order of -0.3 {worst case) to =2.7.

Other objections can also be cited in regard to Anderson's test
procedures and results. He used a rigid wall permeameter which
permits channeling between sample and container. The recommended
procedure to avoid this potential problem is to use a flexible,
pressurized jacket. Large reported increases in permeability
should be viewed with some skepticism when rigid wall rermea-
meters have been employed.

Green et a21. (1981) have investigated in great detail the char-
ateristics of organic solvents that affect their rate of movement
(permeability) in compacted clay. They measured the equilibrium
permeability of three clays ( a clay shale, a fire clay, and
kaolinite) to the following solvents: benzene, xylene, carbon
tetrachloride, trichloroethylene, acetone, methanol, glycercl,
and water. Their study showed that it is the hydrophilic or
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hydrophobkic nature of the solvent (as measured by the octanol/
water partitioning coefficient or roughly by the dielectric
constant) and not the viscosity/density ratio that is important
in predicting a solvents rate of flow through clays. According
to their findings water, which has a high dielectric constant,
always exhibited the highest permeability. In addition, they
found that the packed clay density is crucial in determining
how permeable a clay will be to a given solvent. At high bulk
densities { on the order of 115 pecf or 1.85 g/cc) the solvent
characteristics became less important in differentiating per-
meability response.

Green et al. (1981} also observed that solvents of low dielec-
tric constant (e.g. Xylene and carbon tetrachioride) tended

to cause shrinkage and cracking of some of the clays. This
phenomenon, known as syneresis, can and eventually did cause

an apparent permeability increase in some of the clays that

were tested. The same phenomenon was reported by Anderson{1982)
in some of his experiments. It must be emphasized again,
however, that the effect has only been observed and reported
wvhen several pore volumes of pure, low-dielectric organic solvents
are forced at very high gradients through clay columns. These
conditions simply do not occur at the Allen Park Clay Mine/Land-
£il11l site.

On the contrary, the conditions at the Allen Park site are ideal
for effective containment, viz., .
1. The site is underlain by a thick (X = 25 ft) section
of dense, competent silty clay (% = 115 pcf) W}th
a very low hydraulic conductivity { X = 2 x 107 cm/sec)

2. A negative hydraulic gradient exists at the site as
result of artesian conditions in the underlying aguifer.
Even under worst case assumptions (viz., leachate levels
rising to the top of the landfill) a negative gradient
of -0.3 will still be present.

3. The leachate consists of very low concentrations of
organic and inorganic solutes in an aqueous solution
as opposed to a pure solvent.

Under these conditions advective transport or hydraulic seepage
ceases to dominate pollutant movement across a clay barrier
(see Gilbert and Cherry, 1983; Tallard, 1984). Instead, diffu-
sion under chemical. concentration gradients becomes more impor-
tant, and it is this transport mechanism that must be evaluated
carefully. I have dealt with this problem both in my original
report and in my subsequent letter report to Mr. Mark Young,
Wayne Disposal, Inc., dated 25 September 1983. I showed that
even under worst case assumptions of no partitioning or attenua-
tion of pollutants and minimum, negative hydraulic gradients
breakthrought times would be on the order of thousands of years.
Interestingly, if the caiculations are repeated allowing the
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hydraulic conductivity or permeability to double or even triple,
the breakthrough time increase even more because now the counter
advective flow is more effective in opposing the downward diffu-
sion of solutes along their concentration gradient.

I come now to the MDNR comments about requiring compatibility
testing (whatever that means) between actual leachate and the
clay liner material. Unfortunately, the procedure, rationale,
etc. for such tests are not specified. What is being required
«.-that the leachate be forced under high hydraulic gradients
through a thin sample of the silty clay? The results or 81gn1-
ficance of such a test would be anblguous at best and meaning-
less at worst in this case. In my opinion, such tests would

be an exercise in futility and irrelevance given the condition
and circumstances at the Allen Park Clay Mine/Landfill site.

Breakthrough times in diffusion controlled transport are
extremely sensitive to thickness of the barrier. In order

to replicate conditions in the field at Allen Park, compatibi-
lity or flow tests should be run on a sample column 25 feet high
under a negative gradient no less than -0.3. After a wait time
of thousands of years such a test would merely confirm what

is already demonstrable.

It is my professional opinion that in this instance the require-
ment for compatibility testlng and concern over permeablllty
is a diversion from the real issue which is the likelihood of
diffusion transport of solute across the clavy. I have shown
that this will not be a problem at the Allen Park Clay Mine/
Landfill site because of the thickness, competency, and density

of the underlying clay together with the existence of a negative
gradient. :

I £ind it baffling that MDNR can approve a thin, clay slurry
wall for a toxic waste site (see Consent Judgment, U.S. District
Court, U.S. Envl. Protection Agency and The State of Michigan,
Plaintiffs, vs. Velsicol Chemical Corp., Defendant) based on
meagre and inadequate evaluation whilst insisting on irrelevant
tests for a thick, natural clay containment system at Allen
Park that is ideal in nearly every respect.

Sincerely,

Donald H. Gray i
Professor of Civil Engineering

Attachments
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ATTACHMENT NO. 1 - 'CITED REFERENCES

Anderson, D. {1982). Does landfill leachate make clay liners

more permeable? Civil Engineering, ASCE, Vol. 52, pp.
66~69

Cartwright, K., Griffin, R.A., and Gilkeson, R.H. Migration

of landfill leachate through glacial tills, Groundwater,
Vol. 15, No. 4, pp. 294-305

Gilham, R.W. and Cherry, J.A. (1983). Predictability of solute
transport in diffusion-controlled hydrogeologic regimes,
Proceedings, Symposium on Low-Level Waste Disposal, U.S.
NRC, NUREG/CP-0028, Conf-820911, Vol. 3, pp. 379-410

Gray, D.H. (1982). Influence of leachate on clay liner permea-=
bility, Wayne Disposal landfill site, Report prepared for
Wayne Disposal, Inc., September 1982

Green, W.J., Lee, F.G., and Jones, R.A. (1981). Clay-soils
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Vol. 53, No. 8, pp. 1347-1354

Griffin, R.A. and Shimp, N.F. {1976). Attenuation of polliutants
in municipal landfill leachate by clay minerals, Cincinnati
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68-03-0211 .

Tallard, G. (1984). Slurry trenches for containing hazardous
wastes, Civil Engineering, ASCE, Vol. 54, No. 2, pp. 41-45
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ATTACHMENT NO 2

Table 2. Chemical Analysis of Landfill Leachates

_ DuPage County Wayne Disposal
Analysis Landfill-mg/1 Landfill-mg/1
Na 748 3400
K 501 -
Ca 47 46
Mg 233 370
Cu <0.1 0.55
in 18.8 5.0
Pb- 4.46 0.91
cd 1.95 0.10
Ni 0.3 0.40
Hg 0.0008 0.010
Cr <0.1 0.31
Fe 4,2 .77
¥n €0.1 -
Al 0.1 -
NH, 862 1540
As 0.11 0.0044
- B ©29.9 <0.005
Si 14.9 -
Cl1 3484 " 5800
S04 <0.1 - 200
NO3 - <0.1
HCO3 - 6920
COoD 1340 2160
TOC - 2500
TSS - 512
" pH 6.9 7.6
Spec. Cond. (mmhos/cm) 10.2 28.0
Equiv. TDS 6528 17,920
Organics:
organic acids (phenol) 0.3 3.6
toluene - 0.45
napthalene - 0.44
cehlorobenzene - 0.008
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. ~“June 17, 1982

Rouge Steel Company
Division of Mining Properties
3001 Miller Road

P.O. Box 1699 -

Dearbor, Mi 48121

Attention: Mr. David Miller
Re: AHen'Park Clay Mine Seismic Survey
Dear Mr. Miller:

As per your request a seismic study was performed at the Allen
Park Clay Mine area in Allen Park, Michigan. The purpose of this study
was an attempt to determine the depth to bedrock in the area immediately
below the excavated pit at the disposal area.

Keeping consistent with previous seismic work accomplished in
the area these stations were numbered 4, 5 and 6. Stations 4 and 5 were
completed on the excavated pit floor, 4 being on the eastern half and 5 on
the western side of the pit floor, with station 6 directly to the north of the
pit up on approximately the existing surface elevation, some 30 to 40 feet
above the pit floor. Plots of the data collected are included and indicate
both the velocities of the layers and the depths to the layer interfaces.

Station 4 resulted in the best data collected at the site, and
shows a three-layer case. A low velocity (1428 ft/sec) layer is underlain
by a very consistent layer with a velocity of 5233 ft /sec, extending to a
depth of 57 feet below the pit floor where it is underiain by a much higher
velocity (12,808 ft/sec) layer. These values are very typical of a dense
clay layer underlain by a hard limestone type material, The rather good
fit of Lhe data to a line would indicate very consistent materials, however,
the irregularities near the 57 foot contact indicate that this interface is not

as sharp a transition and hence it represents more of a minimum depth to
this interface.

At Station 5 arca surface topography was rough and inconsistent
which resulted in limited data being collected. In one area a very steep
depression was encountered on the su-face which the shock wave source
worked in. This abrupt lowering of the elevation causes a decrease in the
time it takes to the shock wave to trave!l through the subsurface. There-
fore, the best fit line was drawn through only those points where the shock
wave source was at the approximate same elevation. Had the elevation been
consistent, the travel times for those distances, which were lower, would have
been increased in the direction towards this line.
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Station 5 showed approximately the same subsurface conditions as
did 4, with a depth to the bedrock being indicated at 70 feet below the pit
floor. Station 6 was.run at a much higher elevation than that of the pit
floor, and very soft wet surface conditions were found. These types of
surface conditions do not allew for seismic shock waves to propogate as
the moterial tends to absorb much of the energy and transmit this energy
directly across the surface rather than down into the earth. This dala
indicates again a rather consistent layer with a velocity typical of a dense .
clay. As a rule of thumb, seismic tests measure in depth roughly one-third
the distance from the emergy source to the geophone. Using this rule the
limits of our data would be to 2 depth of approximately 45 feet for the clay
layer and would obviously extend until the next layer is encountered.

We hope that this information is useful to you. If any further
information on subsurface conditions is needed, it should be noted that
there is enough room in the bottom of the excavated pit for an electrical
resistivity test to be run. The problems caused by surface conditions

could be avoided and with the large contrast in the subsurface materials
this test would most likely work well,

If we can be of any further assistance, please let us Know.
Very truly yours,

L. M. MILLER & ASSOCIATES

Timothy P. Wilson, Geologist
TPW:hrh

Attachments as mentionéd above.
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, ( { .
MICHIGAN TESTING ENGINEERS, INC.

24355 CAPITOL AVENUE ¢ DETROIT, MICHIGAN 48238
PHONE: {313) 2554200

$0ILS EXPLGRATIIUNS AND FOUNDATION ENGINEERING
MATERIALS TESTING AND INSPECTION
NON-DESTRUCTIVE TESTING and MATERIALS EVALUATION

June 25, 1982

Michigan Department of Natural Resources
Resource Recovery bivision

p.0. Box 30028

Lansing, Michigan 48909

Attn: Mr. James Janiczek
Subject: Allen Park Clay Mine

Allen Park, Michigan
MIE File #4006-15046

Gentlemen:

As requested, we have reviewed the above referenced file to determine ?
the degree of saturation of the subsoils on the site. '

The following basic s0il relationships were used in this review:
g = Y0 i
e _ :
e= Gs
Fd -1
we= W
Ws
where: s = degree of saturation (%)
w = moisture content of soil (%)
e = void ratio
W, = weight ol water
g = weight of solids
¥d = dry unit weight of soil
G. = specific gravity of solids

(assumed to be 2.65 to 2.68)

Utilizing these procedures, our calculations indicaté the gray silty
cluys on the Allen Park Clay Mine to be 100% saturated.

-207 =
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Mr. James Janiczek 2 : June 25, 1982

If there are any questions, please do not hesitate to call.

Very truly yours,

7%5HIGAN TESTING ENGINEERS, INC.

{ Oefit=—

Kandall DeRuiter
RD/ksb

cc: D. Miller, Ford Motor Coinpany
W. Tomyn, Wayne Disposal
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\ ‘_\‘
ATiR K o)
_ NATWIRAI AFSNURCFS COMMISSION =) ( RESOUNCE RTCOVERY COMMISSION
ili:ull:' I\l.',: fin WILLIAM G M) b THIMAS | BILESSING. JA
A L . LUIKFN. Governnr ALTIEAT 14 KN
ANELE SR
r St
R DEPARTMENT OF NATURAL RESOURCES PAMULA A #1HICH
JOANL WOLIE - HOWARD A TANNER, Dweclor @ EME ST RENE

JONIN WO LAYRAAM
CUIFLOND MILT S
STUART @ PADNOS
NOGER RASMUSSEN
JAMES STORNANT

& MICHAEL L WALKINGTON

CHARLES G YOUNGLOVE

RESOURCE RECOVERY DIVISION

PO BOX I002R
LANSING. M1 ART09
November 4, 1981 ADMINISTRATION/RESOURCE
RECOVERY SECTION
§17/373.0540

PLANNING SECTION/
HAZIARDOUS WASTE SECTION

517/373-1818

Mr. Marshall Austin . _ - _GEJLDBYISEENIDN
Michigan Testing Engineers, Inc. PR
24355 Capitol Avenue

Detroit, Michigan 48239

RE: Permeability testing of clay soils
Allen Park Clay Mine; Allen Park, Michigan
Wayne County

Dear Marshall:

Based on the review of the soil tests performed (grain size analysis,
atterberg limits and permeability) on the clay at the Allen Park Clay
Mine Landfill, it is the feeling of this office that the materials are
uniform enough that no further permeability testing will be required.
This portion of our evaluation has been satisfied with the information
submitted. =

If you have any questions, please feel free to call.
Very truly yours,

RESOURCE RECO IVISION

Geologist

JJ :nm
cc: Shakir/Belobraidich

Mark Young, Wayne Disposal
o Wayne County Health Department

fA-1026-6 10780



INI=] NEYER, TISEO & HINDO, LTD.

CONSULTING ENGINEERS AND GEOLOGISTS
30999 Ten Mile Road » Farmington Hills, Michigan 48024 - (313) 471-0750

REPCRT ON PIEZOMETER INSTALLATTION

PROJECT NO: 84185 OW

DESIGNATION: Allen Park Clay Mine Landfill
LOCATION: Allen Park, Michigan

OWNER : Ford Motor Cocmpany

DATE: March 29, 1985
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hT NEYER, TISEO & HINDOQ, LTD. o

LINDA L. BENNETT

DANIEL L. HANSON P
CONSULTING ENGINEERS AND GEOLOGISTS GEORGER. KUNKLE  Ph G,
30999 Ten Mile Road « Farmingion Hills, Michigan 48024 « {313) 474-0750 HW’T_:P:JEBZS:SS STROE : é

M. V. MATHERS
FEANANDO 50UTO PE.

ROBERT F GORMAN
Mar(?h 2%, 1985 GERALD .. HILL FE
Project No. 84185 OW STEVEN W. HUNT PE
HARRY R PRICE PE.
. ) JAMES M SHOVELY  PE
Mr. David §. Miller J.M. SMALLEY PE

Mining Properties Department KEITHM SWARFAR — PE

Rouge Steel Company
3001 Miller Road
Dearborn, Michigan 48121

RE: Vertical Hydraulic Gradients
Allen Park Clay Mine Landfill

Dear Mr. Miller:

In accordance with your request, we have completed the instal-
lation of piezometers and the evaluation of the hydraulic
gradients in the natural clay deposit at the Allen Park Clay
Mine Landfill. This work was performed in general accordance
with our proposal, dated October 22, 1984, and was authorized
by you on January 16, 1985. The information, evaluations and
conclusions presented herein have been prepared according to
generally accepted geotechnical engineering practices and are
provided for the exclusive use of the Ford Motor Company, the
U.S. Environmental Protection Agency and the Michigan Depart-
ment of Natural Resources.

BACKGROUND

The general subsoil profile at the site consists of an upper
sand, replaced by fill in some areas, underlain by an extensive
silty clay deposit which is, in turn, underlain by a lower sand
deposit. This lower sand is sometimes found in conjunction
with a highly overconscolidated clayey silt deposit, locally
termed hardpan. On the basis of the information obtained
during the piezometer installation described herein as well as
information presented in a report entitled Hydrogeologic Study-
Allen Park Clay Mine, by Michigan Testing Engineers (MTE) and
dated November 24, 1981, the thickness of these deposits at the
location of the three piezometer nest locations can be des-
cribed as follows:

Upper Sands - 3 to 7 feet
Silty Clay - 65 to 70 feet
Lower Sands. - 3 to 6 feet or more

Groundwater levels have been monitored in the upper and lower
sands at the site for at least several years (MTE, 1981}.
These levels indicate that there is a saturated zone in the
upper sand, at least on a seasonal basis. The lower sand

contains groundwater under artesian pressure, with piezometric
levels at or above the ground surface.
GEOTECHNICAL - HYDROGEGLOGICAL - A00FING - AND CONSTRUCTION MATERIALS CONSULTANTS






Mr. David 5. Millerx
March 29, 1%85
Project No. 84185 OW
Page 2

Based upon these data, an upward hydraulic flow gradient has
been considered by Rouge Steel Company {in permit submittals)
to exist at the site. In other words, groundwater apparently
flows from the lower sand upward through the clay deposit to
the upper sand. Michigan Department of Natural Resources
(MDNR) staff have requested that the existence and direction of
natural flow gradients within the clay deposit at the site be
confirmed with the use 0f three piezometer nests wherein
piezometric pressures at various depths within the clay
deposit would be monitored. Because of this request by MDNR
staff, Rouge Steel Company retained Neyer, Tiseo & Hindo, Ltd.
(NTH) to install and monitor such a piezometer system.

PIEZOMETER SYSTEM

The piezometer system consists of a piezometer installed near
the top, middle and base of the natural clay deposit beneath
the site. This grouping of three, considered a *nest", has
been duplicated at three different locations on the site,
resulting in a total of nine piezometers set in the clay
deposit. Each nest is located near an existing monitoring well
pair, consisting of a shallow and a deep well. Their approxi-
mate locations are presented on the Piezometer Nest Location
Plan, Plate 1. Each piezometer is identified first by the
number of the well pair and second by position in the nest, 1
indicating deep with 3 being shallow.

The drilling and piezometer installation was performed by West
Michigan Drilling during the period of February 13 through
February 20, 1985 under the full-time supervision of personnel
from NTH. Ground surface and top of casing elevations have
been provided by Rouge Steel Company.

A trailer-mounted CME-55 drilling rig with 8-inch diameter
hollow-stem augers was used to drill the piezometer holes. A
limited number of soil samples were recovered to identify the
depth of the upper sand/clay interface and to verify the soil
type at the placement depth. The locations of samples re-
covered are reported on the logs.

Soil conditions encountered in the test borings were visually
evaluated in the field and are presented on the individual Logs
of Piezometer Installation, Figures 1 through 9. In addi-
tion, the logs present data relating to drilling methods,
personnel involved and grouting procedures. The stratification
lines shown on the logs represent the approximate boundary
between soil types but the transition may be gradual. General
Notes describing the nomenclature used in the logs are also
included herein as Exhibit 1.

The general procedure for the piezometer installation involved
drilling down to a depth of one foot below the desired tip

NEYER, TISEO & HINDOQ, LTD.
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placement elevation. A sample was taken at this point to
verify the characteristics of the soil within which the piezo-
meter was to be installed. The augers were then removed
until only ten or fifteen feet remained in the hole. Silica
sand was then poured into the bottom of the hole until the sand
back£fill reached the desired tip elevation. The piezometer was
inserted and an additional two to three feet of the hole was
filled with sand. Bentonite pellets were placed to provide a
seal, in some cases, and the hole was then grouted to the
ground surface with non-shrinking cement grout. A four foot
section 0of 5-inch diameter Schedule 40 PVC casing was posi-
tioned at the ground surface to protect the leads of the
piezometers.

The piezometers are pore-pressure transducers which convert
fluid pressure in the soil to pneumatic pressure which can be
monitored at the ground surface using a compressed nitrogen
source. They are a pneumatic, diaphragm type with a Norton
Alundum filter and triple tubing and are manufactured by SINCO,
Model No. 514178.

PIEZOMETRIC DATA EVALUATION

The piezometers and associated well pairs were monitored by
personnel from NTH on several occasions. This data is pre-
sented in Table 1. The data obtained on the last date shown in
Table 1 indicates that the pore water pressures adjacent to
each piezometer had achieved near-equilibrium or stability
after having been temporarily disturbed during drilling for the
piezometer installations. This latter set of data has there-
fore been chosen for presentation in Plates 2 through 4,
entitied Piezometric Data Illustration, Nest No. 2, 5 and 10,
respectively. Note that in preparation of these illustrations,
the shallow wells have been depicted as yielding water levels
representative of the water levels in the upper sand even
though they were completed in clay. This is considered appro-
priate because the available data (MTE, 1981) on these shallow
~wells indicates that they were constructed with a sand-filled
borehole annulus, thus effecting a hydraulic connection between
the upper sand and the shallow well screens. In addition, the
upper sand and lower granular deposits were assumed to possess
little or no vertical hydraulic gradient.

Evaluation of the data presented on Plates 2 through 4 yields
several important observations:

@ A pronounced upward hydraulic gradient is apparent at
all three locations.

| hT'i NEYER, TISEO & HINDQ, LTD.
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TABLE 1:

PIEZOMETRIC ELEVATICNS
ALLEN PARK CLAY MINE LANDFILL
ALLEN PARK, MICHIGAN

My-2 M2 -5 M5 M-10 ME-10
Date 2-1 2-2 2~3 Deep Shallow 5-1 5-2 5-3 Deep Shallow 10-1 10-2 10-3 Deep Shallow
2-15-85 - - - 548.2 580.0 587.1 - - -
2~-18-85 - - - 563.4 584.1 590.5 - - -
2-19-85 - - - 568.9 584.6 592.9 541.5 589.4 -
2-20~85 578.2 586.9 - 573.3 5B6.9 591.2 554.0 580.3 582.2
2-21-85 589.6 588.3 583.3 575.9 586.9 591.2 565.5 590.3 583.6
2-28-85 - - - 587.4 589.3 * - - -
3-01-85 593.7 591.0 585.5 586.3 589.1 590.5 591.7 596.5 594.2 590,2 587.0 594.3 590.0
3-08-85 594.4 591.0 5B5.8 592.5 590.2 592.4 585.1 591.1 587.0
3-11-85 595.1 590.7 5B6.5 599.7 586.7 594.1 590.9 591.9 604.2 596 .4 595.3 581.1 587.4 594.4 589.9
3-22-85 595.3 591.0 586.7 580.6 596.3 593.2 591.7 595.7 595.5 591.1 587.4 594.6 588.0

*Ran out of Np
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@ The upward flow gradient in the clay deposit is very
nearly linear, suggesting a somewhat homogeneous
deposit, at least with regard to vertical hydraulic
conductivity. Similarly, all three locaticons vyield
upward hydraulic gradients that are of the same
general magnitude.

) There appears to be some discontinuity of the hydrau=-

' lic gradient with regard to piezometric levels in

the upper and lower sand, most probably due to
seasonal variability.

To elaborate, it can be seen that the estimated upward hydrau-
lic gradient in Nest Nos. 2, 5 and 10 are 0.21, 0.11 and 0.20
ft./ft., respectively, based solely upon the piezometric data
in the c¢lay deposit. If we estimate the upward hydraulic
gradient on the basis of the piezometric levels in the upper
and lower sand deposits, these values are 0.19, 0.12, and 0.10,
respectively. The differences between these two sets of
hydraulic gradient data may be related to higher than normal
water levels in the upper sand dque to the seasonal weather
conditions (snowmelt) which preceded the acqguisition of the
subject data. Hence, the hydraulic gradients based upon the
piezometric data in the clay deposit most probably reflect the
"normal"” conditions, since these piezometric levels should be
far less responsive to seasonal variations.

The deep well at Nest No. 10 is yielding water levels lower
than expected on the basis of the piezometric levels observed
in the clay. When originally installed in March, 1978, this
well was reported (MTE, 1981) to exhibit piezometric 1levels
near Elevation 602. This would correspond very well with the
piezometric data in the clay. According to information from
Rouge Steel Company, the piezometric level in this well dropped
suddenly in 1982, The well was subsequently damaged in the
spring of 1983. Hence, it is impossible to ascertain from
available data whether the piezometric level currently observed
in this well is erroneous,

The hydraulic gradients depicted on Plates 2 through 4 can be
used to estimate a piezometric level at the same elevation in
each location. Choosing Elevation 560 for instance, such an
estimation yields piezometric levels of 589.2, 592.6, and 589.7
at Nest Nos. 2, 5, and 10, respectively. This suggests that a
very gradual horizontal hydraulic gradient may exist within the
clay deposit, at least with respect to the date of piezometer
monitoring. The direction of this gradient is essentially
northward. However, it should be noted that the possible
velocity of flow and/or quantity of flow in a horizontal

hT.' NEYER, TISEQ & HINDQ,LTD.
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direction within the clay deposit due to this gradient would be
very small, especially in comparison to vertical migration or
horizontal flow in the underlying granular deposit. It should
alsc be noted that the past excavation and £filling activities
on the site have, or will, distort horizontal and vertical flow
conditions in the clay deposit in the immediate vicinity of the
excavations.

In a report entitled "Containment Integrity of Allen Park Clay
Mine/Landfill" (July, 1983), Dr. Donald H. Gray discussed the
upward hydraulic gradients at the subject site, with particular
emphasis on the potential for downward contaminant migration
despite upward hydraulic gradients. In that report, he evalu-
ated such potential contaminant migration under upward hydrau-
lic gradients imposed by the landfill excavation. He went on
to discuss a "worst case" where the upward gradient would be
approximately 0.3 ft./ft. if leachate levels in the landfill
were allowed to reach the ground surface.

The data presented herein indicate upward hydraulic gradients
through the native, undisturbed clay deposit to be roughly 0.1
to 0.2 ft./ft. If the thickness of the clay deposit is reduced
due to excavation and leachate levels within the landfill are
precluded from exceeding the water level in the sand at the
surface of the site, then the imposed upward gradients will
approximate or exceed his "worst case", i.e. his lowest
gradient. Hence, maintenance of leachate collection systems
will help assure that vertical flow beneath the landfill cells
is upward, with induced hydraulic gradients similar to those
presented by Dr. Gray (1983).

If you have any dquestions, please do not hesitate to contact
us.

Very truly vyours,
NEYER, TISEO & HINDO, LTD.

Learia | Ahakter

Liane J. Shekter

Woge R Rty

Wayne R. Bergstrom, P.E.

LIS/WRB/pp
Attachments

hT* NEYER, TISEO & HiNDO; LTD.
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NEYER, TISEO & HINDO, LTD.

GENERAL NOTES

TERMINCLOGY

Unless otherwise noted, all terms utilfized herein refer o the Standard Definitions presented in ASTM D 653.

Boulders

Cobbles

Gravel - Coarse
Fine

Sand Coarse
Medium
Fine

Silt

Clay

Classification

The major soil constituent is the principal noun,
i.e. sand, silt, gravel. The second major sail

PARTICLE SIZES

Greater than 12 inches (305mm)
3 inches (76.2mmy) to 12 inches (305mm)
3/4 inches {18.05mm) to 3 inches {76.2mm)

No. 4 - 3/16 inches {4.75mm) to 3/4 inches (19.05mm)

No. 16 {(2.00mm) to No. 4 (4.75mm)

Na. 40 {0.425mm) ta No. 10 (2.0Gmm)
No. 200 (0.074mm) 1o No. 40 (0.425mm)
0.005mm to 0.074mm

Less than £.005mm

COHESIONLESS SOILS

constituent and other minor constituents are

reported as follows:

Second Major Constituent
{percent by weight)

Minor Constituents

{percent by weight)

Trace - 1 to 12% Trace - 1 1o 12%

Adjective - 12 to. 35%
(clayey, silty, etc.)

Little - 12 to 23%

Some - 23 to 33%

Density Retative Approximate
Classification Density % Range of (N)
Very Loose 0-15 0-4
Loose 16-35 5-10
Medium Compact 36-65 11-30
Compact 66-85 31-50
Very Compact 86-100 QOver 50

Relative Density of Cohesionless Soils is based upon the evaluation of

And - Over 35%

the Standard Penetration Resistance (N}, modified as required for

depth effects, sampling effects,

COHESIVE SOILS

etc.

If ¢clay content is sufficient so that clay dominates soit properties, clay becomes the principat noun with the other major soil
constituent as modifier; i.e., silty ciay. Other minor soil constituents may be included in accordance with the classification
breakdown for cohensionless soils; i.e., silty clay, trace of sand, litlle gravei.

Consistency

Unconfined Compressive
Strength (psf)

Very Soft Below 500
Soft 500-1000
Medium 1000-2000
Stiff 2000- 4000
Very Stiff 4000-8000
Hard 8000-16000
Very Hard Over 16000

Appromixate
Range of (N)

-2
3-4
5-8
8-15
16-30
31-50
Qver 50

Consistency of cohesive soils is based upon an evaluation of the observed resistance to deformation under load and not upon

the Standard Penetration Resistance (N).

AS
BS
5

SARMPLE DESIGNATIONS

Auger Sample - Directly from auger flight,
Miscellaneous Samples - Bottle or Bag.

- Split Spoon Sample with Liner Insert - ASTM D 1586

L.S - Liner Sample S with iiner insert 3 inches in length.
ST - Shelby Tube Sampte - 3 inch diameter unless otherwise noted.
PS - Piston Sample - 3 inch diameter unless otherwise noted.

RC - Rock Cere - NX core unless otherwise noted.

STANDARD PENETRATION TEST (ASTM D 1586) - A 2.0"' outside-diameter, 1-3/8" inside-diameter split barrel sampler is
driven into undisturbed soil by means of a 140-pound weight falling freely through a vertical distance of 30 inches. The sampler is
normally driven three successive 8-inch increments. The total number of blows required for the final 12 inches of penetration is

the Standard Penetration Resistance (N).

EXHIBIT
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LOG OF PIEZOMETER iNSTALLATION GROUNDWATER DATA
CL.ASSIFICATIONS BY: Pigzo-
NEYER, TISEQO & D. METRIC
GE‘&‘E‘R?AL?ZEDHNDO'LT DATE |ELgv. COMMENTS
SUBSURF ACE PROFILE| SCHEMATIC (FEET)
2-20-85| 578.2
GROUND SURFACE e I
, [ T]| ELEVATION: 59t.4 308 .
590 {7~ TOPSOIL: Dark O[] s et 2ok
f\ Bromn sITY [ ¢ 320.82 | 20573
P SAND with reVaY '
//\ Roots, /f‘
7 ;
'5 Loose Brown SILTY |
580/, | | SAND. /
570] -
,/4,;
5604,",.: STARTED: 2-19-85
’ INSPECTOR: A. Al-Saati
Vegy SO?I:L?? gg:&i DRILIER: D. Klitz
w:?% Trace of , CONTRACTOR: West Michigan Drilling
550) * /| Sand. EQUIPMENT; Trailer mounted CME-55
o PIEZOMETER TYPE: Pneumatic operated
' SINCO Model No. 514178
2
540
_ 249 NOTES - Continued
e SAND 5. Soil descriptions were based upon
: . visual identification of the auger
spoil as well as the 1imited number
530 S of samples noted above.
B 2| CTIP ELEVATION: 531.4
520 NOTES:

1. Piezometer leads protected by 4 foot
length, 5-inch diameter, Sch 40 PVC
casing at the ground surface.

2. Piezometer tip set at 60.0 feet below the

ground surface.

3. Drilling utilized 8-inch diameter hollow-

stem augers.

4. Samples were recovered from depths of
2.5 ft, 5.0 ft and 62.5 ft.

NEYER, TISEC & HINDO, LTD.
CONSULTING ENGINEERS

. JGESE TEN MILE RD., FARMIKOTON HILLE, KI 42524

IEAI <=l

PrezOMETER NO,

ALLEN PARK CLAY MINE LANDFILL
ALLEN PARK, MICHIGAN

APPROVED BY: J[J< 3-8-85

DATE!

projJecT No: 84185 OWlFIGURE no: 1
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LLOG OF PIEZOMETER INSTALLATION GROUNDWATER DATA
TCLASSIFICATIONS BY: PIEZO -
NEYER, TISEQ & HINDO, LTD, METRIC
GEIIIERAI_IZED DaTE [ELev, COMMENTS
SUBSURFACE PROFILE| SCHEMATIC (FEET)
2-20-85 | 586.9
GROUND SURFACE 2-21-85 | 588.3
[T} ELEVATION: 591.4 3-01-85 1 591.0
59QF%] \TOPSOIL: Dark A=)/ 579885 ool
17 Brown SILTY ') T .
/1 \ SAND with n 3-22-85 | 591.0
~i1 \\_Roots. S
% | L.oose Brown SILTY 1}/
. SAND. o
580 |-
=
o
570] /. | NON-SHRINKING
A A1 CEMENT GROUT.
'i Very Soft to Soft
5604 Gray SILTY CLAY STARTED: 2-19-85
B with Trace of COMPLETED: 2_19-85
f Sand. | InseecToR: A. Al-Saati
1 ~+ISENTONITE PELLETS =] DRIWLER: D. Klitz o
H o SAND CONTRACTOR: West Michigan Drilling
L T RINU . EQUIPMENT: Trailer mounted CME-55
gl o .
550’;7 gzo| | |TIP ELEVATION: 551.4  piezomerer Tvpe: preumatic operated
SINCO Model No. 514178
540
NOTES - Continued
5. Soil descriptions were based upon
visual identification of the auger
spoil as well as the Timited number
of samples noted above.
NOTES:

1. Piezometer leads protected by 4 foot
Tength, 5-inch diameter, Sch 40 PVC
casing at the ground surface.

2. Piezometer tip set at 40.0 feet below
the ground surface.

3. Drilling utilized 8-inch diameter

holTlow-stem

augers.

4. Samples were recovered from depths of
2.5 ft., 5.0 ft. and 42.5 ft.

NEYER, TISEQ & HINDO, LTD.
CONSULTING ENGINEERS

. J0FP% TEN MILE KD., FRRKINGTON KILLE, RS a80i6

i yoram

ALLEN PARK CLAY MINE LANDFILL
ALLEN PARK, MICHIGAN

3-8-85
FIGURE NO: 2

Pre2OMETER NoO.

APPROVED BY: J1JS |DATE:

prROJECT No: 84185 OW
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590 |

580 .

570 |

560 |

1. piezometer leads protected by 4 foot
length, 5-inch diameter, Sch 40 PYC ~
casing at the ground surface.

2. Piezometer tip set at 20.0 feet below the

ground surface.

3. Drilling utilized 8-inch diameter hollow-

stem augers.

4. Samples were recovered from depths of 5.0

ft. and 22.5 ft.

LOG OF PIEZOMETER INSTALLATION GROUNDWATER DATA
CLASSIFICATIONS By: Pigzo -
NEYER, TISEQO & HINDO, LTD. METRIC
oo b it
EENEBALIZED ! DATE [Er gy, CoMMENTS
SUBSURF ACE PROFILE| SCHEMATIC (FEET)
2-21-85) 583.3
GROUND SURFACE 3-01-85| 585.5
. |ELEVATION: 591 .5 3-08-85| 585.8
7| TOPSOIL: Dark  |= [/ 3-11-85 586.5
71\ Brown SILTY 5/ G 3-22-85| 586.7
"= I \SAND with Roots/.%8 /
/}/koose Brown SILTY
.| L_SAND. /|
36* ' INON-SHRINKING
N . JCEMENT GROUT.
11Soft Gray SILTY CLAY| 7.0
i with Trace of D
1| sAND. TLSAND.
] 2zel . {TIP ELEVATION:571_5
STARTED: 2.20-85
COMPLETED: 2.20-85
INSPECTOR: A. Al-Saati
DRi4,LER: D. Klitz
CONTRACTOR: West Michigan Driliing
EQUIPMENT: Trailer mounted CME-55
PIEZOMETER TYPE: Ppeymatic operated
SINCO Model No. 514178
NOTES - Continued
5. Soil descriptions were based upon
visual identification of the auger
spoil as well as the limited number
of samples noted above.
NOTES:

N NEYER, TISEO & HINDO, LTD.
O) CONSULTING ENGINEERS
U 19958 TEN MILE RD., FARMINGTOR MILLE, M ad2a

F1EZOMETER NO,

N,

ALLEN PARK CLAY MINE LANDFILL
ALLEN PARK, MICHIGAN

DATE:

APPROVED BY: TS 3-11-85

protect No: 841B5 OW|FIGURE NO: 3
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LOG OF PIEZOMETER INSTALLATION GROUNDWATER DATA
CLASSIFICATIONS BY: P1EZO -
NEYER, TISEQ & HINDO, LTD. METRIC
CENERALIZED DATE |EpLev, COMMENTS
SUBSURF ACE PROFILE| SCHEMATIC (FEET)
GROUND SURFACE 2-15-85 1 548.2
ELEVATION: 594.4 | [218-85 ) 563.4
) ) 2-19-85 | 568.9
ZZ TOPSOIL: Dark Lo g-gg-gg ggg-g
//}_\ Brown SILTY Bl -21-
59Qt,,\\\ AND w3 Wi 2-28-85 | 587.4
"Alloose Brown sLTy/ /Y 3-01-851 569.1
1/ eose (| 3-08-85 | 592.5
! : Iy 3-11-85 | 594.1
Soft Brown SILTY / /}; 3-22-85 596.3
sgolr/| | CEALMEn Trace/ /4. | NON-SHRINKING
1 : " & | CEMENT GROUT.
570 ’
| & STARTED: 2_13-85
560 Iy - COMPLETED: 2.13-85
1 ' INSPECTOR: L. J. Shekter
| soft Gray SILTY - DRILLER: D. Kiitz
4 CLAY with Trace N I ' CONTRACTOR: West Michigan Drilling
of Sand. f EQUIPMENT: Trailer mounted CME-55
' /s ; PIEZOMETER TYPE: Ppeumatic operated
550)// SINCO Model No. 514178
/; R
7, 17 BENTONITE PELLETS.
540]" B
/ﬂ NOTES - Continued
! 559 5. Soil descriptions were based upon
i 1 sanp visual identification of the auger
NN Rl spoil as well as the Timited number
- sz |- | TIP ELEVATION: 534 .4 of samples noted above.
5308
NOTES:
1. Piezometer lTeads protected by 4 foot N4 NEYER, TISEO & HINDO, LTD.
length, 5-inch diameter, Seh 40 PVC CONSULTING ENGINEERS
casing at the ground surface. @ 30959 TEN WILE RD., FARMINGTON HILLS,MI 46924

2. Piezometer tip set at 61.0 feet below

PrEZOMETER NO. _HR_]
the ground surface.

3. Drilling utilized 8-inch diameter hoilow- ~ ALLEN PARK CLAY MINE LANDFILL
stem augers. '
4. Samples were recovered from depths of ALLEN PARK, MICHIGAN

2.5 ft., 5.0 ft. and 62.5 ft. PP eE—— T RENT

proJECT No: 84185 OW| FiGure no: 4







ELEVATION - FEET

LOG OF PIEZOMETER INSTALLATION GROUNDWATER DATA
CLASSIFICATIONS By: PiEZO -
NEYER, TISEC & HINDO, LTD. METRIC
GENERALIZED DATE Euf,:v' COMMENTS
SUBSURF ACE PROFILE| SCHEMATIC (FEET)
2-15-85{ 580.0
| |GROUND SURFACE L3 8
T ELEVATION: 594.6 - -
e =l 2-20-85| 586.9
SOIL: Dark LU
I/ e 2-21-85| 586.9
£90 \ Brown SILTY 204 2-78-85| 5893
i Rootslfed | 3-01-85| 590.5
/Loose Brown sxm/ y 3-08-85| 590.2
it L SAND. 3-11-85| 590.9
. NSoft Brown SILTY /. 3-22-85| 593.2
/i CLAY with Trace
5801 of Sand.
a " |NON-SHRINKING
CEMENT GROUT.
570} .
| soft Gray SILTY CLAY . -
i with Trace of Sand. CTARTED. 2-14-85
S OMPLETED! 2.14-85
5607 ;‘ 25|  INSPECTOR: L.J. Shekter
| SH| BENTONITE PELI ETs.ef DRICLER D. Klitz
o ETSAND. CONTRACTOR: West Michigan Drilling
'} p DA N EQUIPMENT: Trailer mounted CME-535
550] SINCO Model No. 514178

NOTES:

1. Piezometer leads protected by 4 foot

length, 5-inch diameter, Sch 40 PVC
casing at the ground surface.
Piezometer tip set at 40.0 feet below

the ground surface.

3. Drilling utilized 8-inch diameter hollow-

stem augers.

4. Samples were recovered from depths of
2.5 ft., 5.0 ft. and 42.5 ft.

NOTES - Continued

5. Soil descriptions were based upon
visual identification of the auger
spoil as well as the Timited number
of samples noted above.

NH
O

O,

NEYER, TISEQ & HINDO, LYD.
CONSULTING ENGINEERS
309E% TEN MILE RD., FARMINGTOR HILLE, I 48024

BTEZOMETER NO.

TV

ALLEN PARK CLAY MINE LANDFILL
ALLEN PARK, MICHIGAN

APPROVED BY: LIS

pAaTE: 3-11-85

proJECT No: 84185 OW

FIGURE NO: 5
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L.LOG OF PIEZOMETER INSTALLATION GROUNDWATER DATA.
T GLASSIFICATIONS BY: PiEZO -
NEYER, TISEQ & HINDC, LTD. DATE |pyen © COMMENTS
GENERALIZED rEET)
SUBSURFACE PROFILE| SCHEMATIC
2-15-85} 587.1
GROUND SURFACE g %g gg ggg‘g
| ELEVATION: 594.9 5-20-85 591'2
_~| TOPSOIL: Dark 15| || 5_21-85| 5912
" Brown SILTY ol | 3-01-85] 591.7
590 i , _08-
Sy NON-SHRINKING 3-08-85) 592.4
; /1lLoose Brown SILTY CEMENT GROUT 3-11-85} 591.9
y SAND. . . 3-22-85 | 591.7
“* | Medium Brown SILTY |
71| CLAY with Trace o I .
N of Sand. L 4.9
580_;{ . 5%# RENTONITE PELLETSISS
|t bt [l
570
STARTED: 2.15-85
COMPLETED: 2.15-85
INSPECTOR: L. J. Shekter
DRILLER: D. Klitz
, CONTRACTOR: West Michigan Drilling
EGuUiPMENT: Trailer mounted CME-55
PIEZOMETER TYPE: Ppeumatic operated
SINCO Model No. 514178
NOTES - Continued
5. Soil descriptions were based upon
visual identification of the-auger
spoil as well as the limited number
of samples noted above.
NOTES:
1. Piezometer leads protected by 4 foot N NEYER, TISEO & HINDO, LTD.
length, 5-inch diameter, Sch 40 PVC o CONSULTING ENGINEERS
casing at the gr'OUﬂC! SUY"FHCE. U 109%% TEK MILE RD., FARKIMNOTON HILLS,&H 48234
2. Piezometer tip set at 17.5 feet below BEZOMETER No o 53
the ground surface.
3. Drilling utilized 8-inch diameter hollow- ALLEN PARK CLAY MINE LANDFILL

stem augers.

4. Samp]es were recovered from depths of
2.5 ft., 5.0 ft. and 20.5 ft

ALLEN PARK, MICHIGAN

APPROVED BY: [T patE: 3-11-85
proJECT No: 84185 OWjFiGURE NO: ¢
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LOG OF PIEZOMETER INSTALLATION GROUNDWATER DATA
[CLASSIFICATIONS By: PiEzO -
NEYER, TISEQ & HINDO, LTD. METRIC
CENER AL ZED DATE EFIE;I;:;V" COMMENTS
SUBSURFACE PROFILE| SCHEMATIC (FEET)
2-19-85 541.5
GROUND SURFACE 2-20-85 554.0
, 7] ELEVATION: 593.2 2-21-85} 565.5
=" TOPSOIL: Dark —~C 1/ 3-01-85| 594.2
59017 \ Brown SILTY / 30V 3-08-85| 595.1
7\ \ SAND with ‘5,/ 3-11-85] 595.3
‘\ Roots. A 3-22-85| 595.5
'/} \Yery Loose Dark A
(7] i\ Brown SILTY %
O LsanD. A
5801{/| \Very Loose Brown
11 \ SILTY SAND. 2
5701/ NON-SHRINKING
‘f : CEMENT GROUT.
'z
- STARTED: 2-18-85
560_: /1 Soft To Very Soft COMPLETED: 2.18-85
. Gray SILTY CLAY INSPECTOR: A. Al-Saati
; g1td race of DRILLER: D. Klitz
: and. ; CONTRACTOR! West Michigan Drilling
, EQuIPMENT: Trailer mounted CME-55
550 |f PIEZOMETER TYPE: pPpeuymatic operated
1 SINCO Model No. 514178
g
.
| NOTES - Continued
540. b 5. Soil descriptions were based upon
[ L 5.0 visual identification of the auger
L Zi. | BENTONITE PELLETS%%® spoil as well as the limited number
Hf .[l_SAND. of samnles noted above.
: Sel | TIP ELEVATION.: 533.2
530_l | el5%
NOTES :
1. Piezometer leads protected by 4 foot N+ NEYER, TISEQO & HINDO, LTD.
length, 5-inch diameter, Sch 40 PVC CONSULTING ENGINEERS
Cas.ing at the ground SUY‘faCE. @ 0P TEN KILE RD., FARKINGTON MILLE, I db2e
2. Piezometer tip set at 60.0 feet below P1EZOMETER NO. 10-]
the ground surface.
3. Drilling utilized 8-inch diameter ALLEN PARK CLAY MINE LANDFILL
hollow-stem augers, ALLEN PARK. MICHIGAN
4. Samples were recovered from depths of LE !

2.5 ft., 5.0 ft., 7.5 ft. and 62.5 ft.

APPROVED BY: JT< paTe: 3-11-85

erotEcT No: 84185 QW FIGURE mo: 7
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LOG OF PIEZOMETER INSTALLATION GROUNDWATER DATA
CLASSIFICATIONS By: PIEZO -
NEYER, TISEO & HINDO, LTD, DATE l._’__f"LEETVR‘C COMMENTS
GENERALIZED (FEET)
SUBSURF AGE PROFILE| SCHEMATIC | n
2-19-85; 589.4
GROUND SURFACE 2-20-85] 590.3
ELEVATION: 592.9 2-21-85| 590.3
F7{TOPSOTL:  Dark 7201 3-01-85 590.2
5901~ \ Brown SILTY ! 3-08-85] 591.1
= ; <L/ 3-11-85} 591.1
o Siay 3-22-85f 591.1
qﬁ Y oose Brown SILTY]H-//
1 \LsAND,
. NON- SHRINKING
580 ﬂ{ CEMENT GROUT.
i1 Soft Gray SILTY CLAY]
i with Trace of j
57Q . Sand. ) >
f . STARTED: 2-18-85
560 / COMPLETED: 2-18-85
s _ | InspEcTOR: A. Al-Saati
A RENTONTTE PELLETS S|  DRILLER: D. Klitz
E] SAND. =77l CconTRACTOR: West Michigan Drilling
s = EQUIPMENT: Trailer mounted CME-55
550) - #z5) . |TIP ELEVATION: 552.9  pyezomerer Tyee: preumatic operated
SINCO ‘Model No. 514178
NOTES - Continued
5. Soil descriptions were based upon
visual identification of the auger
spoil as well as the limited number
of samples noted above.
NOTES:
1. Piezometer leads protected by 4 foot NH NEYER, TISEO & HINDO, LTD.
length, 5-inch diameter,Sch 40 PVC AT ol i o amnoro i,
casing at the ground surface. " ’
2. Piezometer tip set at 40.0 feet below thd P EzOMETER No. _10-2
ground surface.
3. Drilling utilized 8-inch diamter hollow- ALLEN PARK CLAY MINE LANDFILL
stem augers. ALLEN PARK, MICHIGAN
4. Samples were recovered from depths of
5.0 ft., 7.5 ft. and 42.5 ft. APPROVED BY: AJS |oate: 3-11-85
PROJECT no: 84185 OW|FiGure no: 8







ELEVATIUN ~ FEET

530

580

570 |

NOTES:

1. Piezometer Teads protected by 4 foot
length, 5-inch diameter,Sch 40 PVC -

casing at the ground surface.

2. Piezometer tip set at 20.0 feet below the

ground surface.

3. Drilling utilized 8-inch diameter hollow-

stem augers.

4. Samples were recovered from depths of

5.0 ft, 7.5 ft. and 22.5 ft.

LOG OF PIEZOMETER INSTALLATION GROUNDWATER DATA
CLASSIFICATIONS By: PlEZO -
METRIC
SUBSURF ACE PROFILE| SCHEMATIC (FEET)
2-20-851 582.2
GROUND SURFACE 2-21-85f 583.6
. 593.4 3-01-85] 587.0
N ELEVATION: .
“HAPSOIL:  Dark s 3-08-85] 587.0
/7' Brown SILTY SAND} Ly 3-11-85] 587.4
Ry \with Roots. A/ 3-22-85) 587.4
. ey ,NON—SHRINKING
—Moose Brown SILTYs== /| | CEMENT GROUT.
714 \sanp. [ 1t
{V6oft Gray SILTY CLAY || Es
with Trace of SandlJ.
-1 I SAND.,
i 224 IP ELEVATION:573.4
STARTED: 2-19-85
COMPLETED: 2-16-85
INSPECTOR! A. Al-Saati
DRILLER: D, Klitz
, CONTRACTOR: West Michigan Drilling
EQUIPMENT: Trailer mounted CME-55

PIEZOMETER TYPE: Ppeumatic operated

SINCO Model No. 514178

NOTES - Continued

5. Soil descriptions were based upon
visual identification of the auger
spoil as well as the limited number
of samples noted above.

NEYER, TISEO & HINDC, LTD.

CONSULTIKG ENGINEERS
36968 TEK MILE RO., FARMINGTON HILLS, M) &0024

@ =2

FPIEZOMETER NO,

ALLEN PARK CLAY MINE LANDFILL
ALLEN PARK, MICHIGAN

APFROVED BY: LTS |paTtE:  3-11-85

projecT No: 84185 OW|FIGuRE NO: g













NEYER, TISEO & HINDO, LTD. =221

30993 Ten Mile Road ¢ Farmington Hills, Mi 48024 = (313} 471-0750
2053 South Dort Highway « Flint, Mi 48503 e (313)232-8652
2615 Comerica Building < Detroit, Ml 48226 e« (313)965-0036

CONSULTIKG
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Sizel Division
Ford Motor Company

Mr. Larry AdBuchon
Hezsrdous Waste Divigion

) ' 15500 Sheldon Road
: Northville, Michigan 48167

 Bwbject:  Ford Allen Park Clay Mine
EPL I1.D. No. MTD 980568711

P.O. Box 1838
Dearborn, Michigen 48127

Septexber 17, 1984 B

Michigan Depertment of Zi‘atm Resources

Bef_’erence: Your Atigust 8, 1984 letter to me

Deer Mr. AwBuchon: .

This is in response to the above~referen
coments regariing operations at the sub

ate collection piping systex.

ced letter in which you offered seversl

:l ettt facii i (™% P &Bs well. a5 reguested
Bpeci‘l. ic BU uﬁlmx_ Lual inf 1'OIT:'}a.‘t;.'j_C):Cl relemt (e
Fogi s

Flacement of the proposed leach.

With respect o the proposed leschste collection system for Hazardous Waste
Cell I, the enclosed dravings dated 4/23/8% mnd 6/27/8+ provide for our pro-

| posed revisions to the subject faciltity®
plans supersede design plens dated L/20/

£ leachate collection systexm. 'These
&2 vaicn ere presently incorporated

into the facility's Michigan Act &% opersting license. The detailed iter

included in the proposed revisions is th

letter,

e utilizetion of the trench method for

the leschzte collection pipe. This responds to itenm 3 in your August 8, 198k

~ The remaining comwents referred to in your letter 8ppear to us to lack the

requisite regulstory basis end should no

t bear on resolution of the leachste - - "';‘:

collection sysiem issue. To the extent that your comments can forthrightly

regilstions,

be addressed by this coxmunication, I will attempt to do s0 in the expectation
e —eemnbhat your- concerns can be ellayed consisbtent with applicable Aet 64 and RCRA
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Mr. Lerry AuBuchon
September 17, 1984
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4. Comment « "Request &ll belov ground concrete be coated on a1l sides."”

Response =~ Proposed design plsns for the base of the concrete collection -
- sump speclfy an epoxy coeting on both sides to rrevent exposure
of the concrete to the leschate. The sdditional conerete risers
will not have prolonged exposure to the leachsate s and therefore,
design plans do not speclfy thet they be coated with epoxy s_dn
accordance with good engineering design praciice.
2. Comment « “Insure that run-on/run-off requirements contained in L0 CFR
265.302 are sddressed with supporting documentation,”

Response = Since the disposal cell is an excavation, the run-off is ‘
controlled by collection in the bottom of the cell. Topography
edjacent to the cell provides for only one possible sccess area
for run~on which 1s on the southwest side of the cell. This _
aree presently meintains & dike barrier (3 feet high) designed
to hold the accumulation frow e 2k hour, 25 year storm. -~ - -

"Ine pipe strength calcwletions vere prepared for trench method

installation, however, the plenc do not irdieste utilization of
- the trench method.," : : T =

Response .~ The enclosed drawings provide for the trench method.
. Comment ~ "Address how the Durp system, including the discharge hose;
will be operated/maintained during freezing operations.™

Response ~ The elevations of the discharge line provide for & gravity
: ' drain so that standing weter does not rems=in in the line,

5. Comment -~ "The program which will be implemented o address the following
. must be clarified: - ’ B

&) Isolation of Cell I to mzintein & seperstion of the
contaminated/uncontaminated run-off, {Include construction
detail and specifications.)

b) Rewoval of the contacinated soil from the future "un-
contaminated” side of Cell I including proposed test
verification, o : .

¢} Cepping procedure on the west slope and top of the
previously filled sres.” ' :
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Mr. larry AuvBuchon
Septenber 17, 1984
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5. Response =~ &) The unfilled (west) portion of Cell T will be separated
‘ ' frow the active filled (east) portion of the cell by

the installation of & eclay dike barrier. The dike will
slope. A smell bulldozer will cut the key the width of
the blade and two feet deep. Dike meteriel shall have &
unified soil classificetion of CL or CH &5 determined by
ASDM standard D2L87-69, placed in horizomtel 1ifts not I
to exceed one foot and shall be corpacted to not less i
80% of the maximum dry density &g determined by the modj..

fied proctor test described in ASTI standard D1557-4O. he
dike will extend 3 feet &bo

ve ‘the toe of the slope and will
be tied into the cover. - : T

b) The contazinsted soil will be screped by bulldozer from the
unfilled (west) portion of the cell and placed over the .
- filled {east) portion of the cell, Depth of soil removal -
¥ill be epproximately 6 inches. Proposed test verificalion
of the clean soil would be EF toxiclity tests of composite —

01l sarples, each of which is representestive of epproximetely
- 10,00 square feet. ' -

¢) Cepping procedure of the Filled (esst) portion of “the cell”
will be as follows: : '

1} Meterial will have & unified soil clessification of CL
or CE es determined by AST D2L37-£9,

2} Placed in e thiclmess greabter than six inches.

3} Compscted to not less than 805 of the maximm dry density
as per ASTH D1557-40. . :

" To ensble installstion of the collection systern during the limited remaining 1958

construction season, we respectfully request thet you expedite the reguired Direc.
- tor's spproval for the proposed revisions to the originel plans,

Yours very truly,

fRen <./

Ben C. Trethevey, Mensger

Mining Properties Depertment
Enclosures

bce: Messrs. J. A. Esper
G. Kircos
V. H. Sussman
S. H. Vaughn






Ford Motor Company

ﬁ" A _41:' Bt
300t Miller Foad Sy
Dearborn, Michigan 48121

July 2, 198Lk  _pdo &5 AT

¥r. Lerry AuBuchon | A
Department of Natural Resources ‘
" Environmental Protectlon Bursau

1120 West State Pair Avenus

Detroit, Michigan 48203

Subject: -Ford Allen Park Clay Mine
MID 980568711

Deaxr Mr.‘AuBudhon:

Thls Smelutal addresses the 1SSL€S raised in Mr. Terry McNiel's memo-

randum dated June 6, 1G8Y4, which you provided to this office in your
June 15, 1984 letter.

1. Concern -

Response -

"Possible lateral movement of groundwater through the
‘clay stratum might 21low leachate to mﬁg“ate through

the liner sidewalls.”

' The aquifer has been identified as a stratum parallel

to the grownd surface. Under uniform confining pressure
(cley stratum overlying aquifer), the hydraulic gradient
vector of the aquifer {and the water saturating the con-

fining clay stratum) is normal to both the aquifer and the
ground surface.

With the excavation of the disposal cell, the uniform :
confining pressure is locally disturbed, znd the hydraulic
gradient vectors become noral to the disposal cell walls.
Yhis creates a localized zone of influence which results:

in groundwater movement into the cell as opposed to lateral
movement out of the cell. Therefore, there will be no -
lateral movement of leachate or groundwater out of the

cell under these geological conditions. -
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Mr. Larry AuBuchon
Page 2

2. Concern - "Contairment times cannot be estimated unless the clay's
hydraulic conductivity when exposed to the leschate
generated is known." . ' .
Response - Contairment times have been provided by Professor Donald
H. Gray in previous submittals. The concern of leachate
increasing permeabilities of the clay liner is addressed
in his February 16, 198k correspondence as follows:

"I showed that even under worst case assumptions of no
partitioning or attenuation of pollutants snd minimum,
negative hydraulic gradients breakthrough times would be
~on the order of thousands of years. Interestingly, if
the calculations are repeated allowing hydraulic con-
ductivity or permeszbility to double or even triple, the .
breakthrough time increases even more because now the counter
advective flow is more effective in opposing the downward
diffusion of solutes along their concentration gradient.”

3. Concern =~ "It is still not clear vwhich direction the confined aguifer
: flows (poor well construction) or whether there is an upward
gradient (no plezometer nests) at trench bottom."
" Response - © The hydrogeologic report prepared by Michigan Testing
, - Engineers, Inc. has defined the flow direction of the _
aqifer (southeast) end that there is an upward gradient.
We are in agreement with both of these conclusions, despite
unsubstantiated MDNR concerns to the contrary. If there is
evidence contrary to these conclusions, it should be presented. -
We agree with Michigan Westing Engineers, Inc, that piezometer
‘nests are not necessary to determine that there is an upward
gradient at the site. Tu addition, we agree that the moni-
tor wells were properly constructed in view of the regional
trend of groundwater flow. ' ‘ :

As you are well awvare, there has been wuch debate over these issues both since,
and prior to, permit issuance on Qectober 22, 1982. We believe that all re-
gquired MI¥R regulatory and permit standards have been met. If MDRR management
feels that this is not the case, we and our technieal consuliants, are available
to meet with Messrs. Howard or Rector of the Hazardous Waste Division at thelir
convenience to Iinally resolve this matter. : ' :

Yours very truly, | | j L
Ben €. Trethewey, Manager CY:'-\:-GZ{P

Mining Properties Depariment

ce: Mr. Delbert Rector';



MICHIGAN DEPARTMENT OF NATURAL RESOURCES

INTEROFFICE COMMUNICATION

June 6, 1984

TO: Larry Aubuchon, Detroit District, Hazardous Waste Division
FROM: Terry Mcliel, Techaical Services Section, Hazardous Waste
Division

SUBJECT: Ford Motor Company Allen Park Clay Mine

I have reviewed Ford's May 10, 1984 submittal and have the following
comments: :

Specific Condition 5.A.4(a): There appears to be some confusion as

to this Department's concerns as the containment ability of this facility.
These concerns have been communicated to Mr. David Miller and are rve-
iterated here. ' '

A leak detection system serves to give an early warning of contaminant
release down through the liner at a typical site with a non—confined
aquifer. With a potentiometric surface above trench bottom, flow is
not expected to be down through the liner but upward and/or laterally.
Ford is failing to consider this avenue of movement, and cites the
artesian conditions as precluding this movement out of the disposal
cell. These conditions only lead to the assumption of no movement
through the bottom of the cell. Contaimment times cannot be estimated
unless the clay's hydraulic conductivity when exposed to the leachate
generated is known. There are concerns as to the interconnection of
the artesian aquifer and the water table aguifer. The water table
aquifer's isolation from the Allen Drain is also questionable due to
lack of details on the dike construction and certification on the east
side of Cell Number 1. Non-saturated conditions at the elevation of
trench bottom will provide an opportunity for contaminants to move down
and then laterally. It is still not clear which direction the confined
aguifer flows (poor well construction) or whether there is an upward
gradient (no piezometer nests) at trench bottom. This demonstration
has yet to be finalized.

The above scenerio is a worst case situation. However, Ford is looking
at the "best case" situation. When dealing with toxic chemicals, this
department must follow the conservative approach.

Specific Condition 5.A.4(b): ‘The submission of the manufacturer’s
chemical resistance recommendations is sufficient to fulfill this con-
dition adequately.

Specific Condition 5.A.4(c): ‘The proposal to install perforated PVC
pipe to evaluate amount and type of gas generation has merit. TFurther
details should be submitted so that agreement can be reached as to the
effectiveness of this demonstration. Should this system bz left in

as a permanant vent, this up-front agreemant of design and installation -
plans may elimiunate later need for reinstallation of the vent.

. ! /m/vg/»






FROM: Terry MoMiel; Services Unit, HUp

SUBIECT:  Yord - Allen Park Claymine Landfill

The company's May 1, 1984 submittal of englpeering plans for Hazardous
Waste Cell I have been reviewed. These plans address the repair of

the clay dike along the eastern edge of the cell, relocation of th
leachate collection svmp and modified leachate collection system & sign
and construction details. The folloving areas need clarification and/or
need to be adequately addressed to meet Act 64 reguirements:

[ ]

1.  Requirements of R259.6418(a) and (b):

&. Type and gradation of collection system sand,

b.  Compatibility of polyethylene pipe with wazte leachate.

€. Compatibility of concrete manhole with weste leachate,

d. Strength requirements and design specifications for the
leachate collection pipe,

e. Procedures and schedule for leachats remcvsnl.

£. Demonsitvation that the sump capacity will handle ore nmonths
leachate but is not less than 4,000 liters.

€. Collection sand must function without clogging.

2.  Operating license reguirements:

&, It must be shown that a wmaxizum of 6 inches of hydranlic
head is mainisined at all times. :

b.  Provision for construction certification must ba provided,

c. Change ovders must be approved in writing by the Director
prior to the initiation of construction.

3. The sump area sand bedding of 5 feet appears excesgive, I
have concerns of the sand filling with water and/or leachata
providing up to 5 feet of hydraulic head ab that point.

4. A grain size distribution for the pea gravel around the leachate
collection piping should be provided,

5. It is not clear exactly where the dikes at the adges of the
existing fill are being proposed. This, in addition to the
exact location ¢f the existing Fill should ba provided,



Larrvy Aubuchon
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6. The permeahility of the propossd dike should be a maximun
P =i
of 1 x 10 ° co/sec,
7 Procedures and a schedule for repalr of the brolen leachate
piping through the sight berm must be provided.
8. The method of dike (in sigh

ight berm) repair, if needed, should
be provided., This should incl

and permeability required

control procedures.

ude at a minimum: compacticon
» minimum width and height, and quality

S. The method and timing for the temporary barm placement and

vemoval should bz provided.

10. I would recommend that partial closure of the existing f
area (to include newly placed workbench avea) be designe
constructed as part of these construction activities.

Please give me a call if any clarification is needed.

1y

b
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. 3001 Miller Road
Ford Motor Company Baarborn, Michlgan 48121

Mey 10, 198h

Mr. Larry AuBuchon - : ' A é’? CEIVED

Hazardous Waste Division

Michigan Department of Natural Resources ﬁny E,@%Eﬁ%%
Detroit District Office P e s P
1120 West State Fair . - ehn o

Detroit, MI L0203

Subject: Ford Allen Park Clay Mine
MID 980568711

Pear Mr. AuBuchon:

" Your letter of April 12, 1984, asserts that the subject facility is "not

in compliance” with Specifie Conditions 5.A.4(a}, 5.A.4(b), and 5.A.4(c)
of the facility's license. We do not believe that this is the case. A=s
noted below, we believe adequate documentation has been provided to the
MINR with regard to the specified permit conditions, as ev1deneed by the
issuance of the license by MDNR on October 22, 1982.

Specific Condition 5.A.4(a) - The facility provided to the Department a
Groundwater Waiver Demonstration in 1982 which provided a comprehensive
interpretation of the site's hydrogeologic conditions. The background

finformation provided in this document led to the conclusion that the
‘' facility wes locesied in an area with a negative hydraulic gradient

(artesian egquifer) which preclud=zs the possibility of leachate migration
out of the disposal cell during the active life of the facility. The

spartment accepted this conclusion as evidenced by thu leak dateCtLOﬂ
system waiver granted in the facility llcpn LR - :

Recognition and =zcceptance of these hydrogeologic conditions 1s fundamental

-.to the develomment of appropriate permit conditions and their compliance.

The April 3, 198k memorandum to you from Mr. Terry McNiel indicated that
MINR has elected to ignore this previously stated position by apparently
not recognizing these acknowledged and proven site hydrogeologic conditions.
No alternative interpretetion of the site condition 1ls provided by MR
gtaff, hovever. Such a position is unsubstantiated and should be re-
evaluated. We take exception to this superficial evaluation by MDNR staff.
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Mr. Larry AuBuchon
May 10, 1984
Page 2

Specific Condition 5.A.4(b) - Provided herewith is the manufacturer's spzci-
fications vhich indicate that the proposed leachate collection pipe is com~
patible with the constituents in the coal tar decanter tar sludge (naphtha-
lene and phenol). Wote thet the leachate to be handled will be at ambient
temperatures, and the hazardous constituents will be much less concentrated

than the reagent grade chemical solutions which are found in the manufaciurer's -

specifications. Note also that the additional component in the collection
system 1ls the concrete sump which will be epoxy ccated to prevent its ex~
posure to the waste and leachate.

Specific Condition 5.A.4(c) -~ In order to demonsirate if & gas venting system:?
is required for the disposal cells, we are willing to install a perforated

PVC pipe vertically into the fill before applying the final cover. This
collection pipe will then be monitored to determine any rate of gas generatLon.
If gas is generated, we would agree to revisit this issue to 1naure the 1n—
tegrlty of the flnal cover, : :

Yours very truly,

Bpn C Trethewey, Menager ”
Mining Propertles Denartment

. Attachmens

ce:  Prof, D. H. Gray
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Chemical and Emsmnm@nﬁaﬁ @@mad@mﬁmm

Chemical Resistance
of PLEXCO Polyethylene

PLEXCO PE 3408 EHMW high density poiyethyiene
pipe has outstanding chemical resistance, makmg
it an ideal piping material for harsh chemical -
environments and highly corrosive systems.

This stability under chemiczl attack, whan scupied
with superior abrasion resistance, makes PLEXCO
PE 3408 polyethylene an exceptional piping
material for many industrial and siurry applications,

Any chemical attack of Ppolyethylene is either

a swelling phenomenon causing the plastic to
soften, or a direct attack on the polymer structure.
t the chemical causing the polyethyiene to swall
is completely removed, the piastic generally returns

1o its original condition. A direct chemical attack

on the polymer may result in chain scission,
cross-linking, oxidation, and substitution reactions.
These reactions may cause profound changesinthe
original properties of the polyethylene which
cannot be restored by the removal of the chemical.

Below are chemica! resislance data for a wide
variety of chemicals. Additional chemica! resistance
data for polyethylene pipe may be found in the
Plastic Pipe Institute’'s Technical Report PPI-TR-18
“Thermoplastic Piping for the Transport of
Chemicals.” Because the particutar conditions

of each application will vary, itis recornmended
hat this information be used anly as

prebiminary guide 1o the rasistance bﬂﬁawor of
polyelhviene pipe.

Hesistance to Stress Cracking
and Corrosion

Because polyethylene is.non-conducting, it is
immune to galvanic and electrochemical effects.
In addition, polyethylene will not corrode in the
sense that metals do. Both inside and out, PLEXCO
polyethylene pipe resists rust, rot, pitting, and other
common causes of failure in matallic piping
systems.

Some polyethylenes may fail by environmenta!
stress cracking due to the combined actions

of stress and the environment. Stress cracking is the
slow growth and propagation of cracks by the
action of sensitizing agents on minute surface flaws
in a stressed or strained materials.

The polymer structure, molecular weight, and the
molecular weight distribution will affect the

stress crack resistance of the polyethylene.
PLEXCO's EHMW high density polyethylene shows
excellent resistance to stress cracking.

Environmental Efiecis

PLEXCO polyeihylene.pipe will not degrade dueto
b:oiog:cal effects. Polyethylene is not digestible
and is not generally attacked by burrowing insects
or worms. The exceptionally smooth surface of
polyethylene pipe disaliows growth of algae

or other marine lite on the pipe walls, especially
under conditions of flow. Qccasionally
polyethylene piping smailer than 4 in. 1PS that has
been buried in the path of burrowing rodents,

will be damaged by them. lf thisis anticipated, burial
more than 3 feel below the surfaceis recommanded.
in areas of heavy rodent population, repellents
may be necessary. '

Sunlight and Therma!l Effects

To protect the piping material from ultraviolet
radiation, most polyethylene pipe formulations

_include carbon black or some other ultraviolet

screening substance.

PLEXCO PE 3408 pipe can be used over a wida
femperature range. With a brittleness temperature
{ASTM D-746) of ~180°F it performs very well at
subambient temperatures. In pressurized systams,
it can be used up to 140°F; up to 180°F for
non-pressure apphications, However, elevated
temperalures reduce the effective operating
pressure of polyethylene piping systems. To
determine the pressure rating for pipe ai a
temperature above ambient, multiply the 73° rating
by the following factor:

FOR PRESSURE MULTIPLY 73°
RATING AT RATING BY
40°F 1.20
60° 1.08
73° 1.00
100° 0.78
120° 0.63
140° 0.50

Temperature fluctuations experienced in surface

instatlations need to be taken into consideration -
when designing a piping system. Polyethyiene's

high thermal expansion coefficient o @x1073 in/in/e £
may lead to {ateral movement of the pipeiine. Thea
results of this movement canbe compensated for by
snaking the pipe line or installing expansion loans.



3 “Chemical Resistance Key:

swelling < 3% or weight
joss < 0.5%, elongation at
break not substantially
changed

— = hot resistant swelling >» 8% or weight
loss > 5% and/or
elongation at break

reduced by > 50%

~ x =resistant

/ = limited resistance  swelling 3-8% or weight D = discoloration
55 0.5-5% and/or

elongation at break

reduced by < 50%

Meditm T3°F 140°F Medium 73°F  140°F
Acelatdehyde, gasedus X / Butyric acid ' x /
Acetic acid {10%) ' X X Calcium chloride "X X
Acetid acid {100%) _ Calcium hypochiorite tx X
{glacial acetic acid) % /D Camphor . : : X '
Acetic anhydride X /D Carbon dioxide R X X
Acetone . : X X Carbon disulphide {
Acetylene tetrabromide o - Carbon tetrachloride - *to— -

: Acids, aromatic x X Caustic potash ' x b 4

Acrylonitrile X X Caustic soda : X X

g Adipic acid P X Chiorine, liquid - —

' Allyl-alcohol _ X X Chiorine bleaching solution . ’
Aluminium chloride, anhydrous x x - {12% active chlorine) / -
Aluminum sulphate X b Chlorine gas, dry i —
Alums X X Chlorine gas, moist / —
Ammonia, gaseous (100%) X X Chloringe water
Ammonia, liquid (100%) X X (disinfection of mains) X

. Ammonium chloride "X X Chloroacetic acid {mono} X X

Ammonium fluoride, aqueous Chiorobenzene / —

: {up to 20%) X x Chloroethanol X xD

i . Ammonium nitrate *X X Chioroform Ctfto— —

1 Arnmonium sulphate *x X Chlorosuiphonic acid —_ -

3 smmaonium sulphide % X Chromic acid (80%) X —D

3 Amyl acetate X X . Citric acid X X

: Aniting, pure % x Coconut oil % /
snisole / — Copper salts "X, X
Antimony trichloride x x Corn oil % A
Aqua regia T — — Creosote X xD

Barium chioride “x x Cresol x . xD
Barium hydroxide X X Cyclohexane x *
Beer X x Cyclohexano! X ®
Baeswax x Ct/to— Cyclohexanone 4 %
Henzene / / Decahydronaphthatene % !
Benzenesulphonic acid X X Desiccator grease - % /
Benzoic acid X % Detergents, synthetic X X
Benzyl alcohol X xto/ Dextrin, agueous S
Borax, all concentrations X X {18% saturated) x X
Boric acid X X Dibutyl ether xto/ -
Brine, saturated X X Dibutyl phthalate X /
Bromine — — Dichloroacetic acid (100%) b i
Brormiine vapour f Dichloroacetic acid (50%]) X X
Butanetriol X X Dichioroacetic acid methyi ester p3 X
Butanot % x Dichiorobenzens - ' / —
"Butoxyl X / Dichtoroethane A /
Buty! acetate X ! Dichioroethylene - -
Butyt glycol X X Diesel oil ' X v
' Diethyl ether xtof /7
- Diisobuty! ketone x  /to—
.aQU‘?OUS solutions in all concenirations Dimethy! formamide (100%) X xto/
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Biedium 7I°F  140°F Medium TIF 140°F -
Emulsifiers X X Keotonss X xto/
Esters, aliphatic ¥ xtof Lactic acid X by
Ether xto/f 7 Lead acetate °x b

"Ethyl acetale / — Linseed oil X X
Etbyl aicohol % % Magnesium chloride "% X
Ethy! glycol S X Magnesium sulphate “x *
Ethyl hexanol % X dMaleic acid * ¥ x
Elhylene chioride {dichioroethang} ¢ / Malic acid % X
Ethylene diamine X X Menthol s X /
Fatty acids {>(C8) X / Mercuric chloride
Ferric chloride X X {sublimate) X X
Fluorine: — —_ Mercury X i
Flucrocarbons Methanol % S X

{e.g. "Frigen) / — Methy! butanol 4 /-

Fluosilicic acid, aqueous o pMethyl ethyl ketone X Ato— .

{up to 32%]) X X Methy! glycol X x

Formaldehyde (40%) x X Methylene chioride ! /
Formamide X X Mineral oils X xto/
Forrnic acid Fe Molasses X X
Fruit juices X X Monochloroacetic acid X X
Fruit pulp * X Menochloroacetic ethyl ester X %
Furfuryl alcohol X xD Monochloroacelic methyl ester % X
Gelatine X X Morpholine X X
Glucose X X Naptha X /
Gycerol’ : X X i Naphthalene X /
Gyicerol chiorohydrin X X L‘NTc:'ke_! 5alis X X
Glycol (cong) X X Nitric acid (25%) X - X
Glycolic aeid (50%) * X Nitric acid {50%) £ —
Glycolic acid {70%) x % Nitrobenzene X A
Halathane / / o-Nitrotoluensa 3 £
Hydrazine hydrate X X Octyl cresol ! —
Hydrobromic acid (50%) b4 b4 Oils, ethereal ! f
Hydrochloric acid ' Oils, vegetable and animal b3 xio/

{all concentrations) X X Oleic acid {conc} 3 !/

Hydrocyanic acid X X Oxalic acid {50%)}) *® b3
Hydrofiuoric acid (40%) X / Qzone . ", _—
Hydrofluoric acid (70%) X / Ozone, aqueous solution
Hydrogen X X (drinking water purification) X
Hydrogen chloride gas, Paraflin oif X X

moeist and dry X X Perchloric acid {20%) % 4

Hydrogen peroxide {30%) X % Perchloric acid {50%) % /
Hydrogen peroxide (100%) b Perchioric acid (70%) X ~D
Hydrogen sulphide X X Petrol X xto/
toding, tincture of, DAB 7 Petroleum b /

{(German Pharmacopoeia) X /D Petroleum eti"‘\er 3 /

iscoctane X / Phanol X xD
Isopropanol % X “PhRosphates 3 X
Isopropyl ether xto/ — Phosphoric acid (25%) X X
Jam C X X Phasphoric acid (50%) X X
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of the herein technical data.

The technical data contzined herein are guides
to the use of PLEXCO polyelhylene pipe and
fittings. Due 1o workmanship and other tactors
over which PLEXCO has no control, PLEXCO
makes no guarantee of resulls and assumes no
abligation or liability in conjunction with the use

GENERAL OFFICE

Franklin Park, inois 60131 _
3240 North Mannheim Road

- {312} 455-0800
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Hedium T3°F © 140°F Medium 73°F  140°F |
Phosphoric acid {95%) x /0 - Sugar syrup X X
Prhosphorus oxychioride x /D Sulphates X X
Phosphorus pentoxide x X Sulphur X X
Phosphorus trichloride x / Suiphur dioxide, dry x X
Photographic developers, ' , Sulphur dioxide, moist - X x
commercial x X Sulphur trioxide . = » - -
Phthatic acid (50%) X x Sulphuric acid (10%) X X
Polyglycols _ X x Sulphuric acid (50%) b3 X
Potassium bichromate (40%) X X Sulphuric acid (98%) " / -
Potassium borate, aqueous (1%) x x Sulphuric acid, fuming — -
Potassium bromate, aqueous Suiphurous acid X %
{up to 10%) X x Sulphuryi chloride - _
Potassium bromide *x X Tallow X X
Potassium chloride "X x Tannic acid {10%) X X
Potassitm chromate, Tartaric acid X X
aqueous {40%) X Tetrachlproethane xto/ -
Potassium cyanide X X Tetrahydrofurane Txto/ .~
Potassium hydroxide Tetrahydronaphthalene x 7
{30% solution) X X Thionyl chloride — -
Polassium nitrate "X X Thiophene / /
Potassium permanganate x xD Toluene / -
Propano! X X Transformer oil X /
Prapionic acid (50%) % X Tributyl phosphate X X
Propicnic acid {100%) X - Trichloroacetic acid (50%) * X
Propylene glycol x X Trichloroacetic acid (100%) X /to—
Psoudocumens / / Trichioroethylene /o —
Pyridine b 4 ! Triethanolamine X X
Seawaler X X Turpentineg, oil of xto/ 7
Silicic acid X X Tween 20 and 80 .
Sihcone o) X X {Atlas Chemicais) X X
Sitver pitrate x X Urea 'R r
Sodium benzoate X b Vaseling **xto/ !
Sodium bisulphite, weak Vinegar (commercial conc.) X X
agqueous solutions X X Viscose spinning solutions X X
Sodium carbonate "X b4 Waste gases containing .
Sodium chloride X X —carbon dioxide X X
Sodium chlorite (50%) X / —garbon monoxide X b
Sodium hydroxide (30% sotution) X X —hydrochlorid acid: _
Sodium hypochlorite (all concentrations) x X
{12% active chlorine) ! - ~hydrogen Huoride {traces) X X
Sodium nitrate *X X —nitrous vitrio!l {traces) % b4
Sodium silicate *X X —sulphur dioxide
Seodium sulphide X X (low concentration) X X
Sodium thiosulphate % X —sulphuric acid, moist '
Spermaceti b f {all concentraticns) - R b4
Spindle oil” xto/ / Water glass _ X X
Starch X X p-Xylena : . / -
Steric acid X / Yeast, aqueous preparations X X
Suecinic acid (50%) X x Zinc chloride X X

o,
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STATE OF MICHIGAN

ey

TUBAL RESOURGES COMMISSION H . i
a o 5 .
THONAS | ANGERSON azardous Waste Div

JAMES J. BLANCHARD, Governor ' "1120 W. State TFair Ave
] ) . . o Detroit, ML 48203
DEPAATMENT OF NATURAL RESOURCE _

STEVENS T. MASON BUILDING
BOY 30028
LANSING, M| 43030

RONALD O, 58000, Director

April 12, 1984

Mr. Bem C. Trethewey, Manager CEPYE f}
Mining Propertles Department : AP .
Ford Motor Company : : R 16 ﬂ984
3001 Miller Road : HAZaEs0

UDUS waors
Dearborn, MI 48121 : TR Dvisigy

SUBJECT: Ford Allen Park Clay Mine Landfill MID 980568711
Dear Mr. Trethewey:.

A review of your February 24, 1984, submittal has been performed by Terry
McNiel, Technical Services Section, Hazardous Waste Division. -His comments
are relating to Specific Conditicns 5.A.4(a), 5.A.4(b) and 5.A.4(c) of your
license. Based on Mr., McNiel's comments {enclosure) it was determined that
you are still not in conformance with the requirements of your license.

You are requested to provide the necessary documentation to address thase
shortecomings no later than May 12, 1984. If you have any questions, please
contact me or Terry McWNiel. S : '

Sincerely,
HAZARDOUS WASTE DIVISTON

Yo O

Larry AuBuchon
DETROLT DISTRICT OFFICE

LArpf
Enclosure

ce K. Burda
J. Bohunsky
T. McNiel




MICHIGAN DEPARTMENT OF NATURAL RESOURCES

INTEROFFICE COMMUNICATION

April 3, 1984

TO: Larry Aubuchon
Compliance Section, Detroit District
Hazardous Waste Division

FROM: Terry McNiel
Technical Services Section
Hazardous Waste Division

SUBJECT: Ford-Allen Park Landfill

I have reviewed the February 16, 1984, letter from Dr. Donald H. Gray

to Mr. David Miller to determine whether Specific Condition 5.A.4(a)

has been satisfied. There are, again, assumptions made by Ford's
consultant regarding the leachate chemical makeup and the clay mineralogy
with no documentation of saturated conditioms in the silty clay at or
near tremch bottom to substantiate upward flow. If saturation exists,
the leachate collection system must be designed to handle this inflow.

The facility has had the requirement of a leak detection system waived
based on the site's clay chavacteristiecs. Assurance that the containment
system will function in a manner such that this backup system is not
needed must be provided. The company has asked for and received variaaces
and waivers and is now asking to waive the requirement that the original
waiver was based on!

It is agreed that a triaxial-type, flexible, pressurized jacket permeémeter
should be used. A positive gradient of 1.0 (assuming non-saturation)
on an undisturbed sample should simulate worst case conditions,

In regards to Specific Condition 5.A.4(b), the chemical make up of the
leachate needs to be compared to the manufacturer's chemical resistance
recommendations for the PVC piping.

For the requirement of gas veunting in Specific Condition 5.A.4{c) to _
be waived, it must be shown that no gases will be generated, A procedure
to demonstrate this should be submitted for review. The integrity of

the final cap must be assured. '

If there are any questions, please give me a call.



April .3, 1984

Tis Larry Aubuchon
Compliance Secrion, Detroit Dlstrlct
Hazardous Waste Division

FROM: Terry McNiel
Technical Servlces Sectlon
Hazardous Waste DlVlS;On

SUBJECT: Ford-Allen Park Landfill

I have rev1ewed the February 76 1984, letter from Dr. Donald H. Gray

to Mr. David Miller to determine vhether Specific Condition 5.A.4{a)

has been satisfied. There are, again, assumptions made by Ford's
counsultant regarding the leachate chemical maxeup and the clay mineralogy
vith no documentation of saturated conditions in the silty elay at or
near trench bottom to substantiate vpward flow. If saturation exists,
‘the leachate collection system must be designed to handle this inflow.

The facility has had the raqu1rement of a leak detectlon system waived
based on the site's clay characteristics. Assurance that the contaimment
system will function in & manner such that this backep system is not
nezeded must be provided. The company has asked for and received variances
and waivers and is now asking to waive the requirement that the original
waiver was based on! '

1t 1s agreed that a triaxial-type, flezible, pressurized jacket permeameter
should be uséd. A positive gradient of 1.0 (assuming non-saturation)
on an undisturbed sample should simulate worst case conditions.

in regards to Specific Coadition 5.A.4(b), the chemical make up of the
leachate nseds to be compared to the manufacturer's chemical resistance
recommendations for the PVC piping.

For the requirement of gas venting in Spzcific Condition 5.A.4(c) te

be waived, it must be shown that no gases will be generated., A procedure
to demonstrate this should be submitied for review. Tha lnLevrlty of

the final cap must be assured. ‘

1f there are any questicns, please give me a call.

sy
WL




January 23, 1984

TO: Larry Aubuchon, Compliance Section, Detroit District
FROM: Terry McNiel, Technical Services Section

SUBJECT: Ford-Allea Park Landfitl

I have reviewed the report "Containment Integrity of Allen Park Clay
Mine/Landfill" by Professor Gray. Specifically, my review was aimed
at determining whether it satisfies Specific Condition 5.A.4(a),(b),(c)
of the landfill's Act 64 license. I have the following comments:

1} Dr. Gray concludes that it is unlikely that organies prasent
in the waste will cause a permeability increase. He reasons
that there is an absence of any substantiation in the published
technical literature for such an increase. However, he provides
no cite of any literature which shows no increase in permeability.

He also assumes that the leachate will contain -approximately
500 ppm of phenols due to the decanter tar sludge. He disregarda
taking any affects of the napthaline into account.

Because of the uncertain nature of the leachate generated
at the site, these assumptions may or may not be valid.

We therefore do nct consider Specific Condition 5.A.4(a) to
be satisfied. We would accept, however, compatability testing
between the actual leachate being generated and the on—site
clay being used for containment.

2}  Specific Condition 5.A.4(b) requires that the leachate collection
system components be compatible with the leachate. Once the _
syatem is designed, the manufacturer's compatibility recommenda~"
tions for any piping should be evaluated. This submittal 7
doesn't address this subject. '

3) Specific Condition 5.A.4.(c) requires compatibility between
any generated gases and the clay cap. This submittal does
not wrddress this subject.

S ome 3% e




§w§a _ ' 3001 Milier Road

P O. Box 1682
@@?ﬁ?&é&?\g? v . Dearbo?g, Pj‘lichigan 48121-1699

Iebruary 15, 198k

Mr. Lerry Aubuchon

Dstrolt District Office ' | BEORBIVED
Michigan Deparitment of Netural Resources N -
Box 30028 : FEB 161984

Lansing, Michigan L8909 ,
{:nn'ﬁrwﬂﬂ!“f nIgT
Subject: Ford Motor Company Allen Park Clay Mine

EPA I.D, #MID 90856873_1

Dear Mr. Ambuchon»

This is in reply to your lebter dated January 31, 198k which reguested
“additional response to your concerns regarding Spec*flc Condition Section

items 4(a), (b}, and (c¢) of 5.4. in the subject facility's Act Gh-Eazardmus
Waste Operating License.

1. With respect to Specific Condition item 5.A. &{a), we have requested
" our hydrogeologic consultant, Prof. Donald Gray of the University of
Michigan College of Englneerlng, to provide his views relevant <o
your need for the suggested compatibility testing. - Our response to

this item is therefore in preparation and will be submitted on or
gbout Merch 1, 198k,

2, Concerning Specific Condition item 5.A. 4{b), please note that the materials
utilized in our leachate collection system are epoxy coated concrete and
FVC collectlon plpe. The FVC piping has been installed in the coke tar
decanter sludge collection system at the point of generation for more than
“twenty years and is the recommended material for the Job. Coating of the
concrebe sump with epoxy will prolong the life of the conerete in the W=
1likely event of its exposure to any highly scidic Leachatea ‘

3, Specific Condition 5.A. 4{c) reguires compatibility between any generated
gases and the clay cap. According to the EPA development document for
coke tar decanter sludge (KO87), the composition consits of approximately
97% elemental carbon and 3% condensed tar materials. As there are no de-
composition products generated from elemental carbon and condensed tar
materials, there will be no gases. Accordingly, there should be no’
concern relstive to the integrity of the cap resulting from gas generation.

Yours very truly,

f‘? vl L
H 2 iy .
/"Z // ks s [l f }, oo

: by SR
Y SO by F . .
: Ben ¢. Trethevey, Manager EB 2 31984_
DSMs dp - Mining Properties Departmenf..... .

LETE e
(R i”ws,'f_'?'-{

ces  Mr. Terry Meliiel




‘ 3001 Miller Road
Ford Moter Cempany - Daarborn, Michigan 48121

'Febru?ry'2h, 198k

Mr. Larry Aubuchon

Detroit District Offlce , ' B
Michigan Department of Natural Resources

1120 West State Fair ' - ‘¢ _
Detroit, MI 46203 S . TEB 271984

¥

i

£ p

| , . HAZaRDgys
Subject: TFord Allen Park Clay Mine ' o

EPA T.D. #AIID 908568711 :

Dear Mr. Aubuchon:

This is in- reply to your letter dated January 31, 198k which requested -
edditional response o your CORCerns regarding Specific Condition Section
jtem 5.A.4(a) in the subject facility’s Act 6L Hazardous Waste Operating
License. : ' ' { B -
As indicated in our letter to you dated February 15, 1984, we have re-
quested our hydrogeoliogic consultant, Prof. Donald Gray of the University
of Michigan College of Engineering, to provide a response relevant to your
request for the suggested compatibility testing. Accordingly, please find
Prof. Gray's reply enclosed herewith,

~ In view of the hydrogeological documentabion provided by this report, in
addition to prior submitials, ve concur with our consultant that further
compatibility testing is unwarranted. o

Tf further discussion is necessary, please contact Mr. David Miller at
(313) 322-0700. o

Yours very truly,

. 5/_1- ' - i W |
4 o-.')./‘:“L.--.. < ‘ //;_’ - ‘-"/‘l
Ben €. Trethewey, Manage;Fhﬁfis

: Mining Propasrties Depariment
DSz dp

FEnclosure gf//

ce: Mr. T. McNiel

bee:- Messr

[42}

. Kircos
V. H. Sussman
S, H. Vaughn

. J. A. Esper
s



1704 Morton Street
Ann Arbor, MI- - 48104

16 February 1984

Mr. David S. Miller :

Mining Properties Department ' ‘
Rouge Steel Company o 7
3001 Miller Road | ' : -
Dearborn, MI 48121 _ -

RE: Allen Park Clay Mine/Tandfill

Dear Dave:

;’
5
:
§
:
3

I have reviewed the memorandum dated January 23, 1984, from
Terry McNiel, Technical Services Section, to Larry Aubuchon,
Compliance Section, Detroit District, MDNR. The memnoy andun
essentially raises the following objections to the findings
and conclusions in my report, viz.,

Objection 1. There is no substantiation nor literature cita-

tions to show that organics present in the vaste will not in-
Crease permeability. : R

Objection 2. The présence and possible effects of:napthalene
in the waste are disregarded. o

Objection 3. Uncertainties remain about the actual composition
and likely nature of the leachate. ‘

Ok jection 4. The report does not address the guestion of com-—
patibility between the following: -

a) Leachate and leachate collection system components

b) Generated gases and clay cap. : "

In the opinion of the MDNR reviewer Ob jections 1,.2,and 3
taken together mean that Specific Condition 5.A.4 {a) of Act
64 license is not satisfied. The reviewer goes on to say,
however, that they (MDNR) would accept compatibility testing
between actual leachate being generated and the on-site clay
being used for containment. T will respond herein to these
stated objections and opinion. Objection 4 which pertains to
Specific Condition 5.A.4 (b) and (c) is outside the scope and
original charge of my investigation.

Objection 1 is a version of the "guilty until proved innocent®
syndrome. I understand and even sympathize with this approach

In matters vhich deal with the release of potentially hazardous 7
substances into the environment. There is, however, considerable
“ubstantiation in the published technical literature for the
ontention that organics present in lov concentrations in asgquous
tzachate wilil not increase the permeability of dense clavs.




T T : S (I R 411 Sl R
David S. Miller ‘ . . 2
»
Leachate permeabllity tests on »and clav columns bacmag_to bulk

densities within the range of densities of naturgl clays (Cart-
wright et al., 1977) have shown that permeability actually
decreased with passage of leachate (contalnlng ozganlcs) These
tests were continued for periods up to nine months. Decreases
were even more pronounced for raw, unsterilized leachate. .In
addition to permeability reduction from the passage of leachate, .
Grlffln and Shimp (1976) have shown that heavy metal ions {Pb,
zn; 7 cd, He) are strongly attenuated by clay. Organics that
were bpbresent in the leachate were only moderately attenuated

\Ak .

by the clay; they did not increase nydzag;;g‘ggnducgigiﬁ LT gw
We have also conducted long term leachate permeability tests -3
ourselves on a silty clay almost identical in composition to FIRT

the clay underlying the Allen Park Clay Mine/Landfill site

(Gray, 1982) and found the same results, i.e., no increase in ‘
oerneability was observed. A chemical analysis of the leachates
used in all these permeablllty tesks is attached. Note the
presence of napthalene in cone of the leachates--a constituent
whose presence and influence the MDNR reviewer claimed we had

- ‘not considered. JFNote: Cited references are 1lsted in an

attachment to this letter report./f

It is important to emphasize again the fact that leachate per-
meaklility tests conducted by Anderson {(1982) are totaly unrepre-—
sentative of conditions at the Allen Park site. These tests

are often cited as an example of the deleterious influence of

. organic solvents on ¢lay liner permeability. ‘Anderson's tests

are unrepresentative and irrelevant for the following reasons:

1. He used pure organic solvents. The leachate at the
Allen Park Clay Mine/Landfill will be an aeguous extract
containing very low concentrations of organics. ~

2. He forced the solvents through clays at extremely
high, positive gradients.  Anderson used positive grad-
ients ranging from 60 to 300. At the Allen Park site
there will be negative (reverse) gradients rqnglng on
the order of -0.3 (worst case) to -2.7.

Other objections can also be cited in regard to Anderson's test
procedures and results.  He used a rigld wall permeameter which .
permits channeling between sample and container. The recommended
procedure to avoid this potential problem is to use a flexible,
pressurized jacket. . Large reported increases in permeability -
should be viewed with some skepticism when rigid wall permnea-— R
meters have been employed. _ _ el T s
C . {
Green et al. (1981) have investigated in great detall the char-
ateristics of ozganlr solvents that affect the ir rate of movement
{permeability) in compacted. clay They measured the egquilibrium

nermeability of three clays ( a clay shale, a fire clay, and

-waolinite) to the following solvents: benzene, xylene, carbon
. tetrachloride, trichloroethylene, acetone, methanol, glveerol,

and water, Their study showed that it is the hydroohilic or



Jrir. bavid . Miller ' ' .
Vi - . . v

il

jﬁg hydrophoblic nature of the solvent (as measured by the octanol/
. water partitioning coefficient or roughly by the dlelectric
constant) and not the viscoslity/density ratio that is important
in predicting a solvents rate of flov through clays. According
to their findings water, which has a high dielectric comstant,
always exhibited the highest permeability. In addition, they
found that the packed clay density.is crucial in determining
how permeable a clay will be to a given solvent. -At high bulk
densities ( on the order of 115 pcf or 1.85 ¢g/cc) the solvent
characteristics became less important in differentiating per- -
meabllity response. ' -

Green et al. (1981) also observed that solvents of low dielec-
tric constant {e.g. xylene and carbon tetrachloride) tended

to cause shrinkage and cracking of some of the clays. This
phenomenon, known as syneresis, can and eventually did cause

an apparent permeability increase in some of the clays that

were tested. The same phenomenon was reported by Anderson{(1982) -
in some of his experiments. It must be emphasized again, '
however, that the effect has only been observed and reported

when several pore volumes of pure, low-dielectric organic solvents
are forced at very high gradients through clay columns. These

conditions simply do not occur at the Allen Park Clay Mine/Land-
£ill site. L . v :

On the contrary, the conditions at the Allen Park site are ideal
for.effective containment, viz., { : :

*
f

1. The site is underlain by a thieck (X = 25 ft) section
' of dense, competent silty clay (& = 115 paf) with
a very low hydraulic conductivity ( k = 2 x 10 c/sec)

2. A negative hydraulic gradient exists at the site as
7 result of artesian conditions in the underlying aguifer.
. - Even under worst case assumptions (viz., leachate levels
rising to the top of the landfill)} a negative gradient.
of -0.3 will still be present. '

3. The leachate consists of very low concentrations of
organic and inorganic soclutes in an aqueous solution
as opposed to a pure solvent.

Under these conditions advective transport or hydraulic seepage
ceases to dominate pollutant movement across a clay barrier
(see Gilbert and Cherry, 1983; Tallard, 1984). 1Instead, diffu-
sion under chemical concentration gradients becomes more impor—
tant, and it is this transport mechanism that must be evaluated
carefully. I have dealt with this problem both in my original
report and in my subsequent letter report to Mr. Mark Yound.
Wayne Disposal, Inc., dated 25 September 1983. I shewed that
oven under worst case assumptions of no partitioning or attenua-
tion of polliutants and minimum, negative hydraulic gradients
breakthrought times would be on the order of thousands of years.
Interestingly, if the calculations are repeated allowing the



S Mr. David S. Mlller : v . 4

hydraullic conductivity or perneability to double or even triple,
“the brealkthrough time increase even more because now the counter
advective flow is more effective in opposing the downward diffu-
810n of solutes along their concentration gradient.

I come now to the MDNR comments about requlrlnc compatibility
testing {(whatever that means) between actual leachate and the
clay liner material. Unfortunately, the procedure, rationale,
etc. for such tests are not specified. What is bBeing required
. ..that the leachate be forced under high hydraulic gladlents
through a thin sample of the silty clay9 The - results or 81gnl—
figggggggg_gucn a_test would be amolguous s_at best and meaning-
iess at worst in this case.  In my oplnion, such tests would
be an exercise in futility and irrelevance given the condition
and circumstances at the Allen Park Clay Mlne/Landflll site.

Breakthrough times in diffusion controlled transporu are

extremely sensitive to thickness of the barrier. In order

; : to replicate conditions in the field at Allen Park; compatibi-

e lity or flow tests should be run on a sample column 25 feet high
under - a negative gradient no less than ~-0.3. After a walt time

w;of thousands of years such a test would merely confirm What )

“is already. demonstrable.

=’ - n : v

s

FLs T It is my professional opinion that in this instance the require-
; s ment for compatibility testlng and concern over permeability
Tt is a diversion from the real issue which is the likelihood of
i, diffusion transport of solute across the ¢lay. I have shown
.. 1" that this will not be a problem at the Allen Park Clav Mine/
Landflll site because of the thickness, comoetency, and density
- ‘ "of the underlying clay together with the existence of a negatlve
- gradient. :

o I find it baffliing that MDNR can approve a thin, clay slurry
r wall for a toxic waste site (see Consent Judgment, U.S. District
- Court, U.S. Envl, Protection Agency and The State of Michigan,
', Plaintiffs, vs. Velsicol Chemical Corp., befendant) based on
* meagre and inadequate evaluation whilst insisting on irreievant
: ‘tests for a thick, natural clay containment system at Alien
' “Park that is ideal in nearly every respect.

-

Sincerely,

A Dot . Gray
' - '~ Donald H. Gray
Professor of ClVll Lnglweerlna

Attachments
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- ATTACHMENT NO 2

Table 2. Chemical Aunalysis of Landfill Leachdtes
: i

: , DuPage County Wayne Disposal
Analysis Landfill-mg/1 = Landfill-mg/1
Na 748 3400
K 501- ' -
Ca 47 LY
Mg 233 370
1 Cu 0.1 0.55
i Zn 18.8 5.0
& Pb 446 .0.91
& cd 1.95 0.10
o Ni 0.3 0.450
% Hg 0.0008 0.010
Eg or £0.1 0.31
: Fe 4.2 7.77
] Mn <0.1 -
g Al <¢.1 -
NHy 862 1540 _
-As .11 0.00464
- B 29.9 £0.005 "
Si 14,9 -
Cl 3484 " 5800
S0y 0.1 200
NO3 - <0.1
HCO3 - .6920
coD i340 2160“
TaC - 2500
TSS - - 512
_ " pH 6.9 7.6
Spec. Cond. {mmhos/cn) 10.2 . 28.0
Equiv. TDS : 6528 17,920
Organics: :
organic aelds (phenol) 0.3 3.6
toluene - 0.45
napthalene _ - 0.44
chlorobenzense - 0.008



STATE OF MICHIGAN

NATURAL RESOURCES COMMISSION

HIOMAS J ANDERSON
LR CAROLLG JAMES J. BLANCHARD, Governaor
OB A HOEFER .
| e T MONSwA DEPARTMENT OF NATURAL RESOURCES
PAUL H. WENDLER STEVENS T. MASON BUILDING

HARRY r WHITELEY BOX 30028
- LANSING, M} 48909

RONALD ©. SKCOG, Director

January 31, 1984

Mr. Ben C. Trethewey, Manager
Ford Motor Company

_ Mining Properties Department
3001 Miller Road
Room 2042 ROB
Dearborn, Michigan 48121

Subject: Allén Park Clay Mine, Wayne County (MID 908568711)
Dear Mr. Trethewey:

Thank you for your letter dated December 6, 1983 responding to the concerns raised
in my November 23, 1983 letter. I consider your response to items 1, 2, 3and 8
acceptable at this time and wili evaluate the adequacy of your program during
future inspections. -

This Pivision has acknowledged your compliance with Specific Condition 18D2 which
was necessary to address item 7 in my letter. I have requested additicnal
information from the City of Allen Park and the City of Detroit which will aid in
determining your compliance with Specific Condition 18D1 (item 6).

The construction notification given to this Department 3 or 4 months prior to actual
construction is not acceptable. The condition in the permit states, “shall notify
the Director of construction progress"., I request that in the future a schedule of
construction activities be provided to enable us to have a better working relation-
ship and allow this office to monitor the construction while in progress. ‘

The rationale and documentation as to complying withitems 4a, b, ¢ and S5a of the
Specific Condition Section has been reviewed by Terry McNeal, Technical Services
Section, HWD and found deficient. Mr. McNeal's memo discussing the deficiencies has
been enclosed. You are requested to submit a time schedule by February 15, 1984
which would provide a time frame for addressing the deficiencies for eventual
compliance with this condition of your license.

1f you have any questions, please contact me.

Sincerely,
HAZARDOUS WASTE DIVISION

MQMM%

Larry AﬁBuchon
DETROLT DISTRICT OFFICE

Enclosure

J. Bohunsky

CCin.,
1026 wefiay Burda
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Cotoher ¥9, 1983

¥0O: .. Stewart Freewman, Assistant Attorney General
Environmental Protection Division

PR Jadk B Balls, Chief
' CErvivevmental Enforcesent Division

SUAJECT: . Contested Case Hearings ~ 1973 PR 64
C Bazardous YWaste Disposal Facility Licenses

N -

s we diccussed, T am hereby referring five (5) reqguests For contasted

case hearings to vou. They are:

"I Viayne Disposal
.. 2. Ford - Allen Park Clay Mins '
£ 77 3, Ford - Satine '
o 4. Environmental ¥aste Control Inc. .
5. Edwarq C. Ievy Company ' . o

A file copy, a short susmery of the dssues, and the Department position

¥e believe that sowe of these cases can be rasolved through negotiation

th the companies,; and would like to meet with the companies as soon as

53ible to begin discussions. Gary Mory will be contacting you shortly
izcuss the next steps to be teken o move these matlters ahead.

JE g
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PORD MOTOR COMPANY
ALLEN PARK CLAY MINE
Summary of Issues

The duraticn of license, condition 28 of part T, conditions 2, 4.A.,
9.B.1., 10.A, 106.C., 12.C, 16, 15.B., 18, 17 and 19, Tables 1, 2a, 2B, 4
and 5, and numerous general conditions of Ford Allen Park Clay Mine's -
Disposal Facility Operating License are being contested by the company.
The license was issued on October 22, 1982,

1. Ford objects to the four-year license period and claims license Co
should be valid for ten years. The four-year period iz consistent
with other licenses which include schedules of compliance. " The
shortened license allows Department review of company compliance
with upgrade requirements before a long-term license is issued..

2. Part I, Section 22. The Departmwent agrees that this section should
be deleted.

3., Part II, Sections 2 and 4.A. — Ford objecks to bLelng restricted to
the types and quantities of waste listed in the license. The
Pepartment cannot compromise on this issue and is willing to contest
it in a hearing. Staff feels it is unlikely this issue will be
resclvad short of a hearing. '

4, Part II, Section 9.B.1. Ford claims compaction standards in this
‘ section are contrary to the rules. The Departwent agrees and will
adjust the license condition to coincide with the rules.

5.  Part II, Section 10.A. Ford claims the leachate collection system
spacified in the license is unneces sarlly elaborate to meet the
rules. The Department is willing to revies any alternate proposal
from the company and will approve if such proposal neets the standarcs
of the rules.

6. Part II, Section 10.C. Ford contests the reguirement for Class IX
' sand in the leachate collection system. The Departwent may allow
gome variation from this standard but must have material which is
consistent and can assure the necessary performance. -

7. Part II, Section 12.C. Ford contests the requirement for a wheelwash
station. The Department will review for approval any proposal
which assures that no waste materials are tracked out of the site,
or allowed to wash into surface drains. :

8. Part II, Section 16, and Tables 2A and B. Ford claims that tha
artesian condition of the groundwater at the site precludss the
possibility of off-site migration of contaminants so no groundwater
nmonitoring should be required. The Department agrees that this
feature of the groanivater is a favovable condition and is Iikuly
to preclude off-site migeztion, but monitoring must be underts n
to assure that none CoCurs.




Ford further contends that if monitoring is to be regquirad, the
program in the license is inconsistent with the requirements of
RCRA and ignores previous monitroing results. The Department is
willing to discuss specific changes Ford may reguest. e

Part TL, Section 15.B. Ford contests the license pronibition

©10.

againat reintroduction of leachate into the fill area. 'This item
is non-—negotlable as there is no sound engineering reason £or this
practice in such a facility.

Part I1, Section 18, and Tables 4 and 5. Ford contests leachate-

monitoring regquirerents with the following claims:

a. Monitoring should be consistent with Detroit sewer ordinances.

The Department feels that because of the type of waste {cOxe
ter) at this facility, a much broader range of compounds must
be monitored than rec;m.red in the relatively unsoahlstlcated o
Petroit ordinance.

. b. GCMB technology is not necessary to accomplish proper monitoring. -

11.

The Department will entertain other proposals but is not aware
of any others which would be acceptable. The resomse/nmse
rat:},,o requirements may be somewhat f£lexi ble.

c. Act 64 does not requlate discharge to sewers. Arendments to '. R
Act 64 adopted April 1, 1983 have eliminated the previous exermpition.

‘Part 1Y, Secticn 17. Ford éontests_som of the para;retérs for

12,

surface water monitoring. The Department will entertain proposals
for specific changes.

Part 1I, Section 19. Ford contests the requirement for an air

monitoring program. The only possible point of negotiation is the

duration of the program should the first year of data shows no
p”oblem .

13.

M jp

Ford objects to the inclusion of numerous general provisions in the
license, but does not state any specific problems. Staff contacts
with FPord have indicated that this may not be a problem, but any
specific problems Ford may have mist be identified for the Debarx,ment
to respond.



WAYNE DISPOSAL, INC.

POST OFFICE BOX 5187, DEARBORN, MICHIGAN 48128 < (313} 3260200

- October 20, 1983

Ms. De Montgomery
Michigan Department of

" Natural Resources
Hazardous Waste Divisiaon
P.O. Box 30038

Lansing, MI 4890%&

Re: Allen Park Clay Mine, Allen Park, WMichigan
Dear Ms. Montgomery:

I received a call from Professor Donald Gray today and learned
that you have had a discussion with him recently concerning
his report on solute transport through <lay liner soils at
Allen Park Clay Mine. -

As he indicated to vou, he has completed additional work on
the problem through the usze of a computer program he has
written. Enclosed is a copy of his letter and the results

of this work which were recently submitied to us. ‘The results
support the work previously reported by Dr. Gray.

Please let me know if additional information is fequired
concerning the groundwater monitoring variance request for
“Allen Park Clay Mine.

Sincerely,

WAYNE DISPOSAL. INC.

£

Tl A ¢

Mark A. You

£
e

MAY /ap
Encl.
ce:  Mr. David Miller, Rouge Steel Company

Mr. Jerry Amber, Ford Motor Company, SSECO
Professor Donald Gray







1704 Morton Street
Ann Arbor, Michigan
48104

25 September 1983

Mr. Mark Yocung

Wayne Disposal. Company
P.0. Box 5187

Dearborn, MI 48128

RE: Allen Park Clay Mine/Landfill
Dear Marks

I recently wrote a computer program (*CLAYWALL*)} that can be
used to calculate solute transport across a clay barrier under
combined diffusion and advection (hydraulic fiow). The pro-
gram computes the exit/source concentration ratio {C/Co) as a

function of elapsed time (t) on the downstream gside of a clay
wall or barrier of thickness [(X). :

The program was written with a clay slurry cut-off wall in mind,
but 1s general enough that it can be used with any clay layer
or barrier. The input parameters to the program are: -

D, = efffective diffusion coefficnent; ft fyr

K = hydraulic permeability, ft/yr

¥ = thickness of wall or barrier, ft

P = porosity

I = hydraulic gradient...{(+) if same direction,
(=) if opposite direction to solute concen-
tration gradient

t = elapsed time, yrs

The program iz based on the solution tc the eguation that des-
cribes one-dimensional solute transport in a saturated porous
medium under both hydraulic and solute concentration grad1entbﬁ
This eguation has the following form:

C/Co

It

0;5[erfc((X—vt)/sqr(4QK)) + exp(vX/D} erfc({X+Vt}fsqr(4Qﬁ))E

wvhere: v = ave seepage veloclity = (KI/P)

The solution assumes the following conditions:

1. Saturated, one-dimensiocnal flow,.

2. No reaction between solutes and porous medium. Chloride
typically behaves this way. -
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.gf Mr. Mark Yound 7 : ' ' . A

3. Diffusion controlled, i.e., the pore water velocity is
so low that mechanical mixing is negligible and the dis-
persion is eqgual to the effective diffusion coeffficient.
(this condition is satisfied when K<€ 1.0E-07.

T yan the program using data for the silty clay layer underlying
the Allen Park CclayMine/Landfill. The following values for the
input data were used: :

0.102 £t%/yr (6.3E-06 cm /sec)

D =
.- {published value for. clay tills}
K = 0.025 ft/yr (2.5E-08 cm/sec)
X = 30 ft
p =30 % :
I = “051'“0-35 and “"1-0

The results of the analysis are shown in the attached graph.

At a counter hydraulic gradient of -0.3 the exit/source solute
woncentration ratio does not exceed 0.0001 until 700 years '
have elapsed. You may recall that a counter hydraulic gradient
of -0.3 occurs when the leachate is allowed to rise in the land-
£i11 to the ground surface...2 worst case scenario. For larger
(negative) counter hydraulic gradients the ratios become even
cmaller. In fact for I£ -0.5 (i.e., counter hydraulic gradients
larger than 0.5) the ratio C/Co is less than 1.0E-05 at all

elapsed times.

These results confirm the findings of my earlier report which
were based largely on analogy to solute transport gstudies in
clay aguitards. The present findings are based on analysis
of actual soil and site parameters. Keep in mind, also, .that
the analysis is still quite conservative because it neglects’
possible adsorption {reaction) of solutes with the clay.

A copy of the computer program and typical output are enclosed.
Tt is written in BASIC and is designed to be run on a personal
computer. If you have any questions about the analysis, please
feel free to contact me. o

Sincerely.: -
Donald H. Gray
Professor of Civil Engineering

Encl




run

Porosity: 0.3

Permeability(ft/yr):

piffusion Coef(ft /yr)

Wall Thickness: 30
Hydraulic Gradient: -~0.3

Time(yrs}: 500

. 025
0.102

1st Argument(Yl)ls'
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Continue Calculations (y/m) ? ¥

Time(yrs): 5000

ist Argument(Yl)ls._
1st Error Function 1s:
2nd Argument(Y2)ls-
2nd Error Function is:

Exit/Source concentration Ratio

G 99@79
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SUMMARY

The possibility of leachate migration downward from the
Allen Park Clay Mine/Landfill and contamination of an aguifer
beneath were evaluated.

Analyses shov that density differences between the leach-
ate and groundwater will not cause a downward migration nor
will they lead to a diffusion efflux from the site. A thick,
uniform layer cf silty clay beneath the site coupled with an
upward hydraulic gradient effectively precludes the latter.

Comparison with results of salt water intrusion studies
across clay aguitards having similar properties as the clay
beneath the Allen Park site show that the solute (salt) will
take at least B0O years to migrate across a clay barrier 30 feet

- _ - thick under chemico-osmotic diffusion alcne. . A counter {(or
) upward) hydraulic gradient will lengthen this breakthrough
time even further. . ‘ o S

_ There are insufficient amounts of organic compounds in
fhe waste to affect the permeability of the clay. The proba-
bility of accelerated. leachate migration through the underly-
ing clay is not supported by the composition of the wastes
and the nature of the clay nor by the findings of leachate
permeability studies reported in the technical literature.

‘ Under these circumstances any observed increases in
- contanminant levels of monitor wells in the aguifer underlying
the site could more reasonably come from sources laterally
upgradient from the site rather than the clay mine/landfill

above the site. )

1
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CONTATNMENT INTEGRITY OF ALLEN PARK CLAY MINE/LANDFILL

INTRODUCTION

" The Ford Motor Company who oparate the Allen Park Clay
Mina/Tandfill have recently petltioned to discontinue ground
water monltorlng of an aquifer located approy1mately 70 feet
below existing grade at the site. The landfill is underlain
by dense, lacustrine clay which behaves as an agquiclude or
aguitard. At least 25 feet or more of residual clay
thickness separates the bottom of the landfill from the.
underliying aguifer. The aqulfer is under artesian preasure
and exerts an upward hydrostatic pressure on the base of ‘the
clay aquitard equlvalent to B0 feet of head. A general Cross
ggg;;gn*or profile 1llustat1ng these soil dnd'hydrologlc
condlhlons at the site is shown in Figure 1.

. Applicant maintains in his petﬁLLuﬂ for dlscontinuance
(EPA I.D. No. MIT 380568711} that monitoxing is not necessary
at the site because of a) the -dense, uniform clay underlying
the 51te vhich has a hydraulic permeability no greater than
6 x 1078 cm/sec and b) the artesian pressure in the underlying
aquifer which results in an upward ‘hydraulic gradient across.

" the overlying clay agquitard. Applicant claims that these -

site. conditions will preclude the possibility of leachate
mlgratlng downwards out of the landflll and eventually conta-—
minating the aquifer.

In response to this-petiticon, the Wayne County Department
of Public Health has raised several questionb and concerns :
{1etter form R.N. Ratz, Public Health Engineer, toc B. Trethewey,
Mining Properties Department, Ford MOLOI Company, 28 April 1983)
The following concerns were raised in the letter"

1. The petltlon/repert fails to address the p0331h111ty
of leachate migrating down due to differences in
densities of the leachate and qroundwa&era

2. The petltlon/report does not indicate Lf there are

' - any organic constituents in the leachate that may
increase the clay's permeablllty and permlt downWard
movement.

The purpose of the present report is to respond to the
above stated concerns. Additional information about the geo-
hydrology of the site, about past containment/migration studies,
and-about the likely nature of the leachate and its effect on
clay permeability are evaluated herein to determine the danger
of landfill leachate migrating downwards from the site and
reaching the underlying aguifer.
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THE INFLUENCE CF PERMEANT DENSITY ON LEACHATE MIGRATION
ACROSS CLAY ‘BARRIERS

"A. GENERAL

Permeant density plays a direct and indirect role in flow
vhencmena in porous madia. Permeant density can affect solvent
cr solution flow rates via its influence on hydraulic conducti-—
vity. This influence can be calculated and shown to be minor or
insignificant compared to the more likely and important 1nfluence
of permeant density on solute diffusion.

A newly 1ntroducad permeant with a high concentration of

dissolved material (e.g., a 1eachate) will also have a higher

density. This high concentration in turn will cause the solute
to diffuse through a porcus medium to regions of lower concentra-—
thn. It is this manifestation or aspect of a density increase

"in the permeant that requires careful scrutiny and anzliysis. In

' Clalmsw

other words, the role and influence of permeant density are
more important to solute diffusion under concentration gradients

ag opposed to solvent (or %Glutlsn) convection under hydraulic
gradlents.

The analyses that follow gare offered in support of these

- - . . » L -

B. INFLUENCE OF PERMEANT DENSITY INCREASE ON HYDRAULIC PERMEABILITY

Both the viscosity and unit weight of a permeant can influence

the permeability of a so0il to a particular permeant. The hydraulic

conductlv1ty is defined in this case as a flow velccity under

a unit hydraulic gradient {the usual practice in civil englnaerlng)
The influence of permeant denSLty and vlsc031ty can be ascertained
explicitly by defining another permeability, i. . =P the "1ntr1n81c"
or "absolute" permeability

K=kn =« . Y
¥ - ¥ '

L

it

wheres hydraulié conductivity, om/ sec 2
intrinsic or absolute permeabllltyg.cm
permeant den51ty or unit weight, dynes/cm®

permeant v15c081ty, poise-

"r:os:mw
W n

The intrinsic permeablllty(K) is a property only of the
solids or matrix through which the permeant passes. Accordingly.
for a particular soil (i.e., given grain size distribution and
seil structure) and in the absence of permeant-soil reactionsp
K should be a constant, The influence of a variation in visco-
sity and density of the permeant on the hydraulic conductivity
can be determined from this fact and from a relationship derived
from Equation 1, viz., :




s , _ - , : '
A ZAN /R @
where: " subscript 1 - initial conditions (grnd water)
subscript 2 - final conditions {leachate)

An increase in density of the permeant will apparently
cause @ higher permeability. But, this same increase in.
density can also result in an increase in viscosity which
will reduce the permeability. Both influences together will
tend to offset one another, and it is unlikely that a density
increase in the permeant (leachate) will significantly affect
hydraulic conductivity. Furthermore, even if wviscous
retardation is discounted, density increases are highly
unlikely to significantly increase permeability in actual
‘practice as the following example will show.. R

Assume the ground above an aguitard or clay barrier is
filooded with a fairly concentrated brine solution, namely
sea water. 'The density of sea water (with a TDS of 36,000 ppnu)
is 1.036 gmfce at 4° ¢ vs. the density of the present intersti.-
tial water (with an average TDS of 1550 ppm) which is 1.002
gm/cc. This leads-to a density ratio of 1.034 which is equiva-
lent to only a 3.4 per cent increase in hydraulic conductivity
(discounting viscous retardation). Therefore, density has '
1ittle effect on hydraulic conductivity despite the almost.20
fold increase in dissolved solids concentration. It is the
influence of the latter change, i.e., the increase in dissolved
solids concentration, that requires careful analysis in evaluat-
ing the effectiveness of a clay barrier in containing leachate
migration in this case. - ' ' : : ‘

C.. TNFLUENCE OF PERMEANT DENSITY JINCREASE ON SOLUTE DIFFUSION

1. Background

Dissolved solids or solutes in a permeant can be trans—
ported through soils under bpoth hydraultic and concaentration
gradients. The former is referred to as "drag coupling® and
the latter as “chemico-osmotic diffusion.” & Both types of -
movement should bs considered when evaluating the effective-
ness of a clay barrier for preventing leachate migration.

Chemico-osmotic effects in fine grained solils have
been examined in some detail by Olsen (1969) and Mitchell
et al.(1973). The importance of chemico-osmotic diffusion
increases in fine grained soils wijth low hydraulic conducti~
vities. Studies commissioned by the State of California(1971)
on salt intrusion problems in agquifer-aguitard systems have
shown that as agquitards become clay rich and their permeabi-
lities fall to levels on the order of .002 gpd/ft™ or 1077
cm/sec, the migration of solutes will be controlled by chemico-
osmotic diffusion. : : ' '



.  Flow of Solute under Ccombined Hydr. and Chemn. Gradients
Equations can be derived which describe the flows

of solute and solution in the pores of a sediment. The

derivation of these equations and asgsumptions on which

they are based are given by Mitchell et al.{1973). The

one-dimensional, vertical, steady state Fiux of saolute

across a clay aguitard under a combinad salt concentra-

tion{chemical) gradient and hydraulic gradient 1is given

by the following relationship: '

g = BRIk + k) ah/oz + [ D * gk, 13¢,/32 (3)

where: J, = salt flux across an aguitard, moles/sec/cm%
3h/2z = hydraulic gradient (dimensionless),
Bcg/az = golute concentration gradient, molesfcm%

D = diffusion constant, cm/sec .

R = gas constant, ergs/mole/°K

¥,= density of water, daynes/cc

T = absolute temperature; K : :

Cg = average salt concentration4 noles/cC
Ky = hydraulic ;onductivity, cn/sec
Key, = chemico-osmotic coupling coefficient,

o /mole/sec

Relative contributions to the salt or solute f£lux
~ can be calculated from Eguation 3. .Movement of solute
can occur by diffusion whether a hydraulic gradient is
present or not. A superposed hydraulic gradient may re-
tard or accelerate movement of solute depending on:

a) Relative magnitude and direction of the hydraulic
and solute concentration gradients.

b} Values of the hydraulic conductivity and chemico-
. osmotic coupling coefficient.

Equation 3 only yields the steady state flux of solute
under combined hydraulic and chenical gradients. Equations
can also be derived that give the initial ‘o time dependent
solute fluxes and the time required for shreakthrought or
first appearance of increased solute ~oncentration on the
downstream side of the agquitard. This initial, non-steady
state process 1s gquite complicated. Examples have been
worked out for aguitards of different thicknesses and COmpo-—
sition by Mitchell et al.(1973).

One of the most important findings of these studies
on salt flux across clay aquitards was the importance Of
aquitard thickness on preakthrough time. Because the ini-
tial movement is non-steady, the breakihrough time increases
with the square of the thickness. o the aguitard, Theore-

o S L

tical studies of Salr water intrusion across agquitards
(state of Ccalifornia, 1971) have shown that salt ions will




take up to 800 years to migrate acrcss an aguitard 30 feet
thick under chemico-osmotic diffusion alone. If the thick-
ness is reduced to 10 feet, the breakihrough time decreases
to only 80 years. The presence of ay hydraulic gradient
could either accelerate Or retard this time depending on
the relative magnitude and direction of this gradient and
other factors clted previously (see Figure 3}.

3. Likelihood of Solute Efflux Through Clay at Allen-Pérk-Site

golutes will tend to migrate or diffuse downward from
rhe landfill along a concentration gradient. On the other
hand, this movement can be impeded or even arrested by
the upward hydraulilc gradient as a result of artesian .
pressure in the underlying aquifer. Static water levels
in monitor wells around the landfill show that the pliezo-
metric surface-is-almost 10 feet above existing grade Or '
ground surface elevation at the site (see Table 1}. The
net, steady state flux of solute, if any, can be deter—
mined undér these conditions from the solute flow equation
cited previously (Equation 3). o

.
-

It is also pertinent to examine the results of a
similar type of study commissioned by the state of -
California (1971). The latter study was designed to

- determine salt efflux rates and breakthrough times in'an

" aquitard-aguifer system in the coastal ground water
basin near Oxnard, California (see Figure 2}. The
problem posed in the California study was pasically the
same as the pre-sent onej namely, given a sudden
increase ‘in dissolved solids or solute concentration

- atop a clay barrier (or aguitard) how long before the
salt migrated downward and reached an underlying agquifer .
and at what rates of efflux? The problem was compounded
in the California example as 2 result of drawdown of the

- piezometric surface in the underlying aquifer which also

caused a downward hydraulic gradient. B

The fwo aquitards are quite simitar Iﬁ;their
important respects., Both are approximatel? the same
thickness, have the sane initial dissolved solids concen-
tration, and are composed of clayey gsediments with low
hydraulic conductivities. The salient charateristics
and parameters of these two aguitards are summarized
and compared in Table 2. The main difference appears .-
to be in their respective hydraulic conductivities—-— -
‘the Allen Park clay is an order—of—magnitude lovwer.

A dissolved solids concentration equal to that of
sea water was assumed in the leachate overlying the Allen
Park clay. Sea water is a good "yorst case" choice because

sodium ions have high diffusion mobilities and are not
preferentially adsorbed on clay exchange sites as heavy
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TABLE 1. ALLEN PARK CLAY MINE |
SRy
" MONITOR WELL = WATER LEVEL READINGS 8
M Ground ‘«fatercz) Ground wate}"(a) , Ground Water(a)- 2
Well Greund Well Elevation [levation Elevation Elevation oo
Nunber Elevation, Ft. USGS - 11-4-81 A 5-29-81 3-26-81 .
' - : 0
2 595, 1 600.76 600.67 B 600,44 ;0 600.21
| | ~ 73 :
5 595.7 605. 92 605,09 Ak soa.62 ql 604.49
oy . :
7 594.1 597,35 s91.01 . °° 593.23 ( 504,14 :
o osena o 603,03 so1.81  O% 601,93 J 601 .56 |
W~101 593.9 601.47 601.21 2
=102 591.3 | 600.81 603.22(4) e
4-103 593.9 | 605.06  603.52 S 1‘1
‘ . . o ) IL
W-104 594.1 503.82 603.81, ae
=105 594.5 . 606.08 603.86 Qx4
“) lall E?evation'is recorded as top of standpipe. Bpy ™ S ‘ "§>
‘! a
.(2) ta Rpcordul by Michigan Test*ing Engineers, Inc. A ;‘-;Qr»
(3) pata obtained From Michigan Depariment of Natural Reeom}r\e. : | &l ."\5
S .
\ (4) Well extended Lcmpoxar‘ﬂ_y to obtain \xatm 'leve1 - "-;1 / Qq ¢
: B \\ \ ‘i‘z R (
\ 7 - = /:’%( ;
- 1 TABLE 1
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.TABLE 2. COMPARISON OF AQUITARD PROPERTIES AND SITE PARAMETERS

AQUITARD PROPERTY : . © OXNARD  ALLEN PARK

QR SITE PARAMETER . CALIFORENTIA . MICHIGAN
Composition " clayey silt & silty clay
. - silty clays :
Thickness, £t . . .3 . -25-35.
~Ave, Water Cdntent, % | _M 24 o i _ Q-?O
’ Ave. Liquid Limit, % - 31 . 28
o ) ' P ST 7 -8
Ave. Hydraulic Conduct, cm/sec 1 x 10 . S .2.6 x 10
' . . CdA . VL L e T
Hydraulic Gradient = JL S 0.33 ”:l:Q‘L e 2.7 ;
S _ S R (downward) - (- (upward) /
Initial (interstitial) | PO - o |
Pore Water Solute Conec, ppm 1800 .~ . . 1550
Final Solute Conc, ppm 36,000 - 36,000
o T . {assumed)
Chemico-Osmotic Coupling . DA . —4
Coefficient, cm”/mole/sec 6.2 x 10 ‘ - 6.2 x 10
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AQUIFER
AQUITARD

FLOW RATE (mole/cm2/sac)si08 -

Generalized cross—section of multiple aquifer in a
coastal basin. Salt flux across aquitsrd can occur as
result of either salt water intrusion intoc aguifer (1,2) -
or salt water entering directlv above sduitard in shallow
coastal waters or marinas (3,4}, or from salt contamina-
tion in near surface, perched aquifer (5).

2.0 [ —
NaCl CONCENTRATION =0.6 NORMAL
N THE OXNARD AQUIFER |

.5} '

. PUMPING FROM MUGU
I.O— DRAWDOWN =I0FT.

0.5 e . -
~ND PUMPING FROM MUGU
100 {000 . 10,000 ' 100,000

TIME (YEARS)

Figure 3. Solute efflux across aquitard into underlying agquifer as

a result of salt water intrusion in overlying aquifer.

Aguitard is 30 feet thick and bas a hydraulic conducti-
vity of 1dﬂrcm/sec. Pumping from lower (Wugu) aquifer
superposes a (.33 downward gradient on system. '




d 2-_
C:;;ﬁﬁés would be mutally opposed and exactly'counterbal?nced*

- Y

metal tons would tend to be. The same chemlco-osmotic
coupling coefficient. used in the California aguitard vas
also assumed applicable for the Allen Park clay. The value
used is reasonable for the type of clay sediments present.

Results of the California study are presented in Fig-
ure 3 which shows the salt influx into the underlying agui-
fer as a function of time. Curves are vresented for a no
drawdown and 10-foot drawdown case (assuming the hydraulic
gradient acts in the same direction as the salt concentra-—
tion gradient). The horizontal portion of the two curves
represents the steady state salt flux. , :

The main things to notice from this figure are the
large breakthrough time (800 vears) for the "no drawdown”
case (i.e., in the absence of any hydraulic gradients)
and the fact that in this aquitard the salt flux
caused by drag coupling under a hydraulic gradient is
larger. The steady state salt flux from the drag coupling
under a combined 10-foot drawdown and salt concentration
gradient is almost three times that from diffusion alone
{no drawdown). Hence, in the event the hydraulic gradient
was_reversed, there would. be no hreakthrough and no down- -
waggifalxwflux provided the upward gradient exceeded about
G.

ot

Tn other words, under these condi CIGHs tHEEWO. salc

The relative contributions to steady state efflux in
this example can be calculated with the aid of Equation 3.
The following parameter values (taken from the. study)} were
used in the calculation: ' : '

2h faz = bh /oL = 10/30 = 0.33

dc /o7 = (o ~ s, )/AL = 0.57 x 10 = 0.62 x 10 moies/cm
=07 e H .
| 514" o
o = (g +cg )/ 2= (0.60 ~ 0.03)x10 = 0.32 x 10 moles/ar®
e B 5 | |
. : P | S
C i

—

. __,5 ’
D =10 crn®/sec _
R = 8.32 x 107 efgé/moléfbK e
T = 300 °k
¥, = 10° dynes/cc
- -7
k. = 10 com/sec
_4‘ 5 .
Keyw = 6.2 X 10 om /mole/sec

Using these values the calculated contriputions =0

- steady state solute flux are respectively:




Drag Coupling: @% = [(&Q/RT)CSKCh + cskh]iéh/az

il

3 -7 -3 -7
[10°(2%x10 ") + 0.32x10 (10 )] 0.33
[8.32x107(.3%x103) ]

-1
1.056 x 10 moles/sec/cmk

1l

-3 5
= 0.98 x 10 moles/sec/ft

Chemico-Osmotic Diffusion:

Jsa’z [ D+ cokey,l a%/a‘z

E

- -7 -6
= [1077 + 2x10 ] 0.62x10

- il
0.63 x 10 moles/sec/cma

i

-8 2
= 0.58 x 10 moles/sec/ft

The total salt fiux is the sum of the contributions
from drag coupling and chemico-csmotic diffusion or

. - m& ) )
= (0.98 + 0.58) x10 g

- : R
= 1.56 x 10 & noles/sec/ft

" These calculations are in agreement with the results
shown in Figure 3 for steady state salt inflow under com-
bined gradients. They also illustrate that the drag
coupling contribution under a 10-foot drawdown {0.33
‘hydraulic gradient) exceeds the chemico-osmotic diffusion
contribution. ' '

In the case of the clay aquitard beneath the landfill
at Allen Park, the average hydraulic qgnductiy;ty is almost
an order—of-magnitude lower (2.6 x 10 “vs. 10 ° cm/sec). _
This will tend to decrease the drag coupling.t On the other
hand; this tendency will be more than offsek by higher
hydraulic gradients at this site. If the level of the
leachate is kept at or close to the bottg f the landfiil,
then the gradient will approach 80/30 or(2.7 The drag '
coupling component of solute flux in this case will be

' -7 -3 . -B
Jg [ 103(2x10 ) + 0.32x10 (2.6x10 )1 x 2.7
v [ 8.32x107 (.3x1079) i .

1l

-2 -1

[ 0.008x10 + 0.832x10 1 x 2.7
—3b

2.25 = 10 moles/sec/cma

il

-8B
2.090 x 10 moles/sec/ft

1}




This flux is greater than 3% the chemico-~osmotic flux;

and sinte it acts in the opposite direction, there will
be no net downward flux of solute at the Allen Park site.
The critical hydraulic gradient to maintain a zero net salt
efflux is 0.8. This means that the groundwater table could
rise to within 12 feeb of present ground elevation (~595 f£t)

in the landfill and there would still be a sufficient upward
hydraulic gradient (drag coupling effect) to completely
counter solute efflux under chemico-osmobic diffusion (see
summary below). '

Position of Ground | Upward Net, Steady Stafte

Water Table in the Hydrauliec Solute Efflux Rate
Landfill . Gradient  _(moles/sec/ft™)
| | e T - fy 8
At bottom - _ : 2. - o =1.51 x 10 -
. ' ' Ll {net infiux)
12 feet from top O;8"“K T Jzero /
: ' . \.‘ - e : -y
At top - . s 0.33 o +0.32 x 160

These calculations éré basedrbnﬂthe existence of:a static
or plezometric head in the underlying aquifer approximately
9-10 feet above ground elevation {see Table -1). :

Assumption of worst case conditions, namely, a rise
in the groundwater table in the landf£ill to ground surface
elevation, leads to a small, steady state efflux rate from
chemico-osmotic ‘diffusion. This occurs because the
resulting hydraulic gradient ( 0.33) is no longer large
enough to completely oppose the chemico-osmotic salt flux.

- The breakthrough times, however, would be so immense
(1000's of years) that the steady state flux under these
conditions is largely irrelevant. : _

It is important to note that the preceding calcﬁlations_

are also based on the following “"worst case® assumptions:

‘1. A highly saline leachate with a toncentration
and composition equal to that of sea water.

2. No interaction between the solute and clay.

In actual practice, there would be some uptake and adsorp-
tion of solutes on the clav. This adsorption would
attenuate or limit further solute concentrations in the

R i PPN

eachate as it passed through the clay.




ITI. EFFECT OF LEACHATE CONSTITUENTS ON THE PERMEABILITY OF CLAY

A. GENERAL BACKGROUND

The possibility that leachate-—either in the solvent or
solute phase--might affect clay permeability and hence its
containment integrity has been raised by a number of 1nvestlga~
tors {Anderson and Brown, 1981l; Haxo, 1981; and Folkes, 1982).
One of these studies has shown that concentrated organic liguids’

can increase clay permeablllty by several orders—of- magnitude
(Anderson and Brown.. 1981}

All of these studies were conducted in the laboratory
with simulated leachates from particular types of wastes and
under particular testing conditions. The danger of blindly
applying these test results to a field situation have been
noted recently by Gray and Stoll {1983). It is essential to
ask the following before the results of these lab tests can.
he applled %o a given fleld 51tuat10n-

1. What was the nature.of the leachate in the lab tests?
_ What are the concentrations of various constituents.
- in the leachate in the field as opposed to the, lab
: tests? How relevant are the lab test results in the
1ight of potentially large differences in leachate
composition {lab vs. £ield)}?

2. How did the leachate contact or interact with the clay
in the lab tests? Was it forced through? If so, at
what gradient? Is there any prospect that the leachate
will be able to penetrate/permeate through the clay
containment in the field in like manner? In other words
are the necessary gradients and cther condltlons present.
to permit this to happen?

3. What was the failure or clay degradation process by
which the. apparent permeability increase occured in
the lab tests? Was it by a) dissolutioh, b) syneresis,
¢} piping? Could these mechanisms reasonably occur
in the field given the type, water content, and density
of the in-situ clay plus the nature and concentration
of organic and inorganic compounds in the leachate?

B. WASTE AND LEACHATE COMPOSITION AT THE ALLEN PARK CLAY MINE

The types, composition, and relative amounts of wastes
placed in the Type ITI Solid Waste Landfill at Allen Park are
shown in Tables 3 and 4. The results of typical E.P.T leachate
tests on these wastes are shown in Table 5. The likely nature
and composition of the landfill leachate can be estimated from this
information. This estimate is adequate for purposes of evaluating
the probable effect of the leachate on clay permeability.



TABLE 3. ALLEN PARK CLAY MINE -
LANDFILL CONSTITUENTS

Fly Ash

Blast Furnace Tilier (Qake

Construction Debris - Sweepings - Clean-Up

EOF Dust
Foundry Sani
Flectric’ Furnzce Dust

Ccal and Coke

que Oven Decaxnter Tar Sludge

Glass

Wood Ash

BOF Xish

Wastewater Treatment Sludgé

Grinding Mnd -

SOLID WASTE'

1

509
159
1k,

6%

o

n8g

3%

o;s«;fo -
0.5%
07.'5%
0.3%_'
0.24

. 0.1

b



Paraneter

Arsenip
.Barium
Cadmium
Chromiwn
Loud
Mercury
_ Hulenium

Silver

Blast Furnace
Flue Dusth

TABLE 5.

ALLEN AWK CLAY MIMNK SOLID WASTHE
TYPIOAL B.P.0, LEACHATE TEST RESULTS (Me/1)

BOE Iriue Blagt Thurnace

0,04
£0.8
0.01 "
0ol
40,2 |
0.0007
1.0

£01

st Wilter Cake
0.0 _ 0.1
0.0k 40,8
0.03 40,08
/0.05  £0.05
B ¢ | 1.7
Lol <oz
£ 0,01 £0,2-
0,01 - L0.0L
-
st

Foundry
Band

0.03

£0.08
£0.005

..240.1_

£ 0.0

Lo

40,1

0.1

BOr
Kish

Sre—t——

0.1

£ 0.8

- 40,005 .

£ 0.1
£0.2
40,2

0O

o

Wustoewa ler

Coke Treabment
Breoze Slude
£0.1 .00
‘-ZO.B‘ A5
40,005 . 005
40,1 Cam
0.2 L5
£0.2 , GO0y
20,5 SO0
- £0.,1 L OO

Compilo | By o
Fiareh 1,0 16 g

v



The data in Tables 3 and 4 indicate that 50 per cent of
the solid waste consists of relatively inert fly ash and that
some 89 per cént of the wastes consist of materials that do
not contain significant amounts of heavy metals (Zn, Pb, Cd)
Or organics Known or suspected to be toxic such phenol and
naphthalene (see Table 4). The coke oven decanter tar sludge
is a possible source of organics (phenol and napthalene), but
this waste comprises only 0.6 per cent of the total stream in
the Type II Sciid Waste landfili. ' '

C. PROBABILITY OF ORGANICS IN LEACHATE AFFECTING CLAY .
PERMEABILITY AT ALLEN PARK SITE - -

Anderson and Brown (1981) found that several organic
liguids, viz., aniline, acetone, ethylene glycol, heptane, _
and xylene, cause large increases in permeability of four com-
pacted clay soils. Pure organic liquids were used in their
study. One of the authors (Anderson, 1982) later emphasized
that their results cannot be used to support claims that clay
liners permeated by dilute organic liquids may be susceptible
to large permeability increases. : -

Haxo (1981) reported results of up to 52 months of liner
exposure to selected industrial wastes. He included several
organic wastes, namely, aromatic cil, Oil pond 104, and a

pesticide. The results of large permeameter tests on a éompacted-__

fine~grained soil and admixed materials are summarized in

Table 6. Although a small amount of seepage passed through

the compacted, fine-grained soil liner, no permeability increases
were reported with any of the organlic wastes. - :

On the basis of these studies and with the ecaveats noted
- at the beginning of this section in mind, it is possible to
evaluate the likely effect of the landfill leachate on clay
permeability at the Allen Park site. '

1. Type II Solid Waste Landfill

As noted previously the existing landfill contains -
small quantities of coke oven decanter tar siludge which
is a possible source of organics {phenol and -
naphthalene}, but this waste comprises only 0.6 per
cent of the total. Phenol and naphthalene are present
in the tar component of this waste in concentrations
estimated by Desha (1946) of 0.1 and 2.2 per cent by
welght respectively. Accordingly, the amount of phenol
and naphthalene present in the total waste stream are -
-006 and .013 per cent by weight respectively. These
amounts constitute a very low fraction and they suggest
that leachate from the total waste stream will tend to
have verv low concentrations of phenol and napthalene.
Therefore, the organics in the leachate from the Type
II Solid Waste landfill are quite unlikely to affect '
Cclay permaability. ' _



EFTECTS OF INDUSTRIAL WASTES ON SOIL AND ADMIX LINERS

and fabric
8 mm thick

below iinm_‘

[

TARLE 6.
~ {from Faxo, 1981)
. : Lead . : Oily wasle
Liner Acidic wasle Alkaling wasle (low Ierd pas  Pesticide
material (HNO,, HF, HOAQC) {spent cawstic) washing) Aromatic oil Oil pond 04 (weed killer)
Compacted Not tested Measurable rate of seepage k=1.8%1010 t T
fine-grained soil - vy = 107910 m/s, waste k=2.4x1071¢
305 mm thick pcnctr'lted -5 cmalter 30 months (a} - &=2.6X |00
- - . {tests on sl
afler 30 months)
Soil cement Not tested . No measurable seepage after 30 months
100 mm thick : ¢
Modified bentonite Mot tested _ Measurable sccpagé after 30 months, channeliing of waste Failed t
and sand (2 types) into bentonite (b) {waste secpage
127 mun thick : e * through liner)
Hydraulic ﬁsphalt * Failed Satisfactory Waste stains - Not tested Mot tested Satisfactory
conerete below finer
64 nun thick asphalt mushy
. Spray-on asphalt Mot tested Satisfactary Waste stains Mot tested Not tested  Satisfactory

I

*From data presented by Haxo €1981), i

tSame as {a).
1Same as ().
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2. 'Type I Hagardous Waste Landfill

In the future the decanter tar sludge will be
placed in a separate landfill that will be upgraded to
accept hazardous wastes. This action will increase the
relative proportion of organics {phenol and '
naphthalene) in the waste stream. Leachate tests run
on pure samples of decanter tar sludge using a .
distilled water extraction procedure (Calspan, 1977)
have produced phenol concentrations of approximately
500 ppm. Even this concentration is far removed from
the very high concentrations of organic solvents used
by Anderson and Brown (1981) in their permeability
tests on different clays. Accordingly, organics in the
leachate from the Type I Hazardous Waste landfill are '
also unllkely to affect clay permeablllty., - :

In summary. It does not appear llkely nor reabonable that
orqanlcs present in the wastes at the Allen Park Clay Mine/Land-
£ill will cause a permeability increase given their low concen-

tration and the absence of any substantiation in the published
technical literature for such an increase under these conditions.

e

e




w

IV. CONCLUSIONS

(1) There appears to be very little likelihood of leachate
migrating downward from the Allen Park Clay Mine/Landfill and
. contaminating the aguifer beneath the clay.

(2). A density difference between the leachate and groundwater
will have little or no influence on hydraulic permeability

or downward migration nor will it lead to diffusion efflux of
solutes. A thick, uniform bed of silty clay beneath the site
coupled with an upward hydraulic gradient precliudes the latter.
Calculations and analyses are prov1ded herein to support this
finding. : : .

(3). Comparison with results of salt water intrusion studies
across clay aguitards having similar properties as the clay

beneath the Allen Park Clay Mine site show that the solute (salt

will take at least 800 years to migrate across a clay barrier
30 feet thick under chemico-osmotic gradients alone. A counter

{or upward) hydraulic gradient will 1ncrease this breakthrough
time even more. , :

(4). The waste and its leachate are unlikely to increase-the
pnrmeability of the underlying clay. This claim is reasonable
in view of the low concentrations of organics in the total,
waste stream and in the light of the flndlngs and caveats of
permeamlllty/exposure tests with organic permeants reported
.in the technical literature. This conclusion applies to both
the existing Type II Solid Waste landfill and a proposed

Type I Hazardous Waste landfill that will accept the coke oven

E-.
decanter tar sludge. ghmumaf gmabﬁ.s

SRS

(5). The composition of the waste and underlyﬁ}g clay do not
suggest properties or combination of properties that could lead
to a containment failure caused by such processes as piping.
acid/base dissolution, or syneresis. :

(6). Under these circumstances any observed . 1ncreése in con-
taminant levels of monitor wells in the aguifer underlving
the site could just as well come from other sources laterally
upgradient from the site rather than from the clay mlne/landm
fill above the site.

(7). These findings and conclusions support the basis of :
applicant's petition for dlscontlnulng further monltorlng of
the wells penetrating the aquifer beneath the site.

} .
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1704 Morton Street
Ann Arbor, Michigan
48104

4 OctoberlS83

Ms., Jan Look

People's Action League, Inc.
P.0. Box 37

Eagle, MI 48822

RE: Granger Landfili, Clay Slurry Walls

Dear Ms. Look:

I have investigated further the problem of leachate
leakage across clay slurry cut-off walls. My analyvses show
that the clay wall design proposed for the Granger landfill
“will not adeguately impede the diffusion of leachate solutes.

. According to my calculations, breakthrough times for non-reac-
tive solutes will be ten years.or less, even in the presence
of counter hydraulic gradients as high as unity.

The analyses were carried out using a computer program
(*CLAYWALL*) that can be used to calculate solute transport
across a clay barrier under combined diffusion and advection
(hydraulic flow). The program computes the exit/source concen-
tration ratio {(C/Co) as a function of the wall or barrier
thickness (X) and elapsed time (t). The following values for
input data were used in the analysess '

Diffusion Coefficient = G,lOZ,EtZ/yr (based on measured
values for sand-bentonite mixes)
0.1 £t/yr

Hi

Permeability

Wall Thickness 3 ft

Porosity = 25 %
Hydraulic Gradient = ~0.02, -0.05, -0.2, -1.0

With the exception of the diffusion coefficent, these are the
same values used in the diffusion analysis in the DY'Appolonia
report (Clay slurry Cut Off Wall, Appendix D). The value of

the diffusion coefficient used in my analysis is based on actual,
measured values-® as opposed to assumed values used in the D'Appo-
lonia report.

1Gillham,R.W. and Cherry,J.A.{1982). "Predictability of
Sclute Transport in Diffusion-Controlled Hydrogeologic Regimes,
Proceedings, Symposium on Low Level Waste Disposal, .Oakridge Natl.
Laboratory, NuReg/CP-0028, Conf-820911, Vol 3, pp.379-410 :
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'Ms. Jan Look | : C2

The results of my analyses are shown in the attached graph.
Breakthrough times {(t, ) are indicated on the graph and are also
summarized in the table below. Breakthrough time is defined as
the time required for the exit concentration to reach a particular
fraction or percent {say 1 %) of the source concentration.

Hydraulic Breakthrough Time, t, - Yrs
Gradient
C/Co = .001 c/Co = 0.1
-0.02 4,4 6.5
-0.05 4,5 7.1
-0.2 5.3 10.0
~1.0 : . 10.0 - -

These results indicate that leachate solutes will emetge on
the other side of the clay slurry wall in a relatively short
time (< 10 yrs) inspite of a counter hydraulic gradient!

_ Admittedly, these analyses are worst case scenarios insofar
as solute reactivity is concerned. Partioning or adsorption '
of solutes on the wall solids would retard-diffusion flux and
increase breakthrough times. ' On the other hand, failure to
maintain a counter hydraulic flow into the landfill (e.g., as
a result of plugging or failure in the interior leachate collec-
tion lines) would shorten breakthrough times.

~ The effectiveness of the clay walls as adequate diffusion
barriers has not been demonstrated to date. No satisfactory.
data nor analyses have been presented (by Granger or his consul-
tants) to show that there will be sufficient retardation of
solutes in the clay walls to limit or impede diffusion to
acceptable levels.

Sincerely, _

'iiﬁ»«d&i\ﬁ o

Donald H. Gray :
Professor of Civil Engineering

ce D. Montgomery, MDNR
P. Steketee
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run

Porosity: 0.25
Permeability{ft/yr}: 0.1
Diffusion Coef{ft fyr):
Wall Thickness: 3
Hydraulic Gradient: -0.02
Time{yrs}): 3

0.102

=
&__\

1st Argument(Yl)ls-
lst Error Function is:
2nd Argument(YZ)ls.
2nd Error Function is:

Exit/Source Concentration Ratio.
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Continue Calculations (y/n) ? ¥y

Time{yrs):

ist Argument(Yl)is:
1st Error Function is:
2nd Argument(YZ)ls-
ond Error Function is:
Exit/Source Concentration Ratio

o A v e e i e . P R Y e o 03 O ) S o 3 ks el Lo S i £ il < i

Contlnue Calculatlons (y/n) ? ¥

Time(yrs):
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ist Argument(Yl)is:

ist Error Function ist

2nd Ar gument(YZ)l

2nd Error Function is:
Exit/Source Concentration Ratio
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Continue Calculations (y/n) ? y

Time(yrs): 20

e s L

2.73332

0.99974

Z . 68934

G.59959
(C/Colist

2. 5804

2.12843
C0.956493
2. 8741
0.99616
(C/Co)is:

e — .

1.52483
0.95914
1.44562

0.95942

{c/CO)is=

0.03147
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1st Argunenh(Yl}ls-

lst Error Function is:

2nd Argument(¥2)is:

2nd Error Function is:
Exit/Source Concentration Ratic
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Continue Calculations {y/n) ? ¥y

Time(yrs):

1.106272
0.88255
0.9942
0.84025
(C/Co)is:

6.12185

Argument(Y1l)is:

lst Error Function is:

Znad Argument(YZ)ls.

2nd Error Function is:
Exit/Source Concentration Ratio

0.75277

0.71247 .

0.57565
0.58427
(c/Colis:

0.30805
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Continue Calculatlons {(y/n) 2 n
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1704 Morton Street
Ann Arbor, Michigan
48104

25 September 1983

Mr. Mark Young.

Wayne Disposal. Company .
P.0. Box 5187 .

Dearborn, MI 48128

RE: Allen Park Clay Mine/Landfiil

Dear Marks

I recently wrote a computer program {*CLAYWALL*) that can be
used to calculate solute transport across a clay barrier under
combined diffusion and advection {(hydraulic flow). The pro-
gram computes the exit/source concentration ratio (C/Co) as a

function of elapsed time (t) on the downstream side of a clay
wall or barrier of thlckness {X). : _

The program was written with a clay slurry cut-off wall in mind, =
but is general enough that it can be used with any clay layer
or barrier. The 1nput parameters to the program are:

efffective diffusion coefficient, ft /yr

Dy =
K = hydraullc permeability, ft/yr
X = thlckness of wall or barrlex; ﬁ:

P = porosity

I hydraullc gradlent...(+) if same d;rectxon,
(~) if opposite direction to solute concen- _
tration gradient . P _ S

t =  elapsed time, yrs - Cy

The program is based on the solution to the equation that des- i
cribes one~dimensional sclute transport in a saturated porous o
medium under both hydraulic and sclute concentrata@n gradientsgj”
This equatlon has the following form: . ;

C/CO'= O.5[erte((X~-vt)/Bqr{4RK)) + exp(vX/D} erfc((xwvt)/sqriégxb)]

wvhere: v = ave seepage velocity = (KI/F)

The solution assumes the following conditions:
1. Saturated, one-dimensional flow.

2. No reaction between solutes and porous medium. Chloridse
typically behaves this way. _



3. Diffusion controlled, i.e., the pore water velocity is

' 50 low that mechanical mixing is negligible and the dis-
persion 15 equal to the effective diffusion coeffficient.
{this condition is satisfied when K< 1.,08-07.

I ran the program using data for the éilty clay layer underlying‘
the Allen Park ClayMine/Landfill., The following values for the
input data were used: _

0.102 fta/Yr (6.3E-086 cmz/sec)

D =

{published value for clay tills)
K = 0.025 ft/yr (2.5E~-08 cm/sec) '
X = 30 ft .
P=30%
I=-0.1,-0.3, and =1.0

The results of the analysis are shown in the attached graph.
At a counter hydraulic gradient of =0,3 the exit/source solute
concentration ratio does not exceed 00,0001 untii 700 years o
have elapsed. You may recall that a counter hydraulic gradient .
of -0.3 occuts when the leachate is allowed to rise in the land- .
fill to the ground surface...a worst case scenario. For larger @
(negative) counter hydraulic gradients the ratios become even S
- emaller. 1In fact for I -0.5 (i.e,, counter hydraulic gradients’
larger than 0.5) the ratio C/Co is less than 1.0E-05 at all :
elapsed times. .

These results confirm the findings of my earlier report which
vere based largely on analogy to solute transport studies in
clay aquitards. The present findings are based on analysis
of actual soil and site parameters. Keep in mind, also, that
the analysis is still quite conservative because it neglects
possible adsorption (reaction) of solutes with the clay. '

A copy of the computer program and typical output are enclosed.
It is written in BASIC and is designed to be run on a personal L
computer. If you have any gquestions about the analysis, please - 7 -
feel free to contact me, , : : C

Sincerely, R -

Donald H. Gray % o - '1

Professor of Civil Engineering

1Y

Encl .
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run

. Porosity: 0.3
 Permeability(ft/yr)s .025
 Diffusion Coef(ft /yr): 0.102
Wall Thicknesas: 30
Hydraulic Gradient: -0.3
Time(yrs)s: 500

et i o S . R B e A A ot Y B A o Y S S Gk S T S Wk G L S s e

1zt Argument{¥l)is:

1st Error Function is:

. 2nd Argument{Y2)is:

2nd Error Function is:
Exit/Source Concentration Ratic
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continue Calculations {y/n) ? ¥

Time(yrS): 750
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1st Argument{¥l}is:

1st Error Function is: -
2nd Argument{¥Y2)is:

2nd Error Function is:
Exit/Source Concentration Ratic
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Continue Calculations {(y/n) ? ¥

Time{yrs): 1000
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1st Argument(¥l)iss -

ist Error Function is:

2nd Argument{¥2)}is: '

2nd Error Function is:
Exit/Source Concentration Ratio
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Continue Calculations {(y/m) ? ¥y
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1st Argument(Yl)iss
ist Error Function is:
Znd Argument(Y2)is:
2nd Error Function is:

Exit/Source Concentration Ratio
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Report Prepared for:

Wayne Disposal, Inc.

CONTAINMENT INTEGRITY OF ALLEN PARK
CLAY MINE/LANDFILL

by

Donald H. Gray
Professor of Civil Engineering
The University of Michigan

Ann Arbor, Michigan

July 1983






SUMMARY

The possibility of leachate migration downward from the
Allen Park Clay Mine/Landfill and contaminaticn of.an aqulfer
beneath were evaluated,

Analyses show that density differences between the leach-
ate and groundwater will not cause a downward migration nor
will they lead to a diffusion efflux from the site. A thick,
uniform layer of silty clay beneath the site coupled with an
upward. hydraullc gradient effectively precludes the latter.

Comparison with results of salt water intrusion studies
across clay aquitards hav1ng similar properties as the clay
beneath the Allen Park site show that the solute (salt) will
take at least 800 years to migrate across a clay barrier 30 feet
thick under chemico-osmotic diffusion alone. A counter {(or
‘upward) hydraulic gradient will lengthen this breakthrough
time even further. .

There are insufficient amounts of organic compounds in
the waste to affect the permeability of the clay. The proba-
blllty of accelerated leachate migration through the underly-
ing clay is not supported by the composition of the wastes
and the nature of the clay nor by the findings of leachate
permeability studies reported in the technical literature.

Under these c1rcumstances any observed increases in
contaminant levels of monitor wells in the aguifer underlying
the site could more reasonably come from sources laterally
upgradient from the site rather than the clay mlne/landflll
above the site.
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CONTAINMENT INTEGRITY OF ALLEN PARK CLAY MINE/LANDFILL

INTRODUCTION

The Ford Motor Company who operate the Allen Park Clay
Mine/Landfill have recently petitioned to discontinue ground
. water monitoring of an aqulfer located approxlmately 70 feet
below existing grade at the site. The landfill is underlain
by dense, lacustrine clay which behaves as an aquicliude or
aguitard. At least 25 feet or more of residual clay
thickness separates the bottom of the landfill from the
underlying aquifer. The aquifer is under artesian pressure
and exerts an upward hydrostatic pressure on the base of the
clay aquitard equivalent to 80 feet of head. A general cross
section or profile 1llustat1ng these soll and hydrologic
conditions at the site is shown in Figure 1

Appllcant malntalns in his petition for dlscontlnuance
(EPA I.D. No. MIT 980568711) that monitoring is not necessary
at the site because of a) the: dense, uniform clay underlying
the 51te which has a hydraulic permeablllty no greater than
6 x 10"Bcm/sec and b) the artesian pressure in the underlying
aquifer which results in an upward hydraulic gradient across
the overlying clay aquitard. Applicant claims that these
site conditions will preclude the possibility of leachate
mlgratlng downwards out of the landfill and eventually conta-
minating the aquifer.

In response to this-petition, the Wayne County Department
of Public Health has raised several guestions and concerns
(letter form R.N. Ratz, Public Health Engineer, to B, Trethewey,
Mining Properties Department, Ford Motor Company, 28 April 1983).
The following concerns were railsed in the letter: :

1. The petltlon/report fails to address the pOSSlblllty
of leachate migrating down due to differences in
den51t1eq of the leachate and groundwater.

2. The petition/report does not indicate if there are

‘ any organic constituents in the leachate that may
increase the clay's permeability and permit downward
movement. '

The purpose of the present report is to respond toc. the
above stated concerns. Additional information about the geo-
hydrology of the site, about past containment/migration studies,
and about the likely nature of the leachate and its effeckt on
‘clay permeability are evaluated herein to determine the danger
of landfill leachate migrating downwards from the site and
reaching the underlying aquifer. :
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THE LHNFLUENCE OF PERMEANT DENSITY CN LEACHATE MIGRATION
ACROSS CLAY BARRIERS

A. GENERAL

Permeant density plays a direct and indirect role in flow
phenomena in porous media. Permeant density can affect solvent
or solution flow rates via its influence on hydraulic conducti-
vity. This influence can be calculated and shown to be minor or _
insignificant compared to the more likely and 1mp0rtant influence
of permeant density on solute diffusion.

A newly introduced permeant with a high concentration of
dissolved material (e.g.., a leachate) will also have a higher -
density. This high concentration in turn will cause the solute
to diffuse through a porous medium to regions of lower concentra-
tion. It is this manifestation or aspect of a density increase
in the permeant that requires careful scrutiny and analysis. In
other words, the role and influence of permeant density are
more important to solute diffusion under concentration gradients
as opposed to solvent {or solutlon) convection under hydraulic
gradlents.' .

The analyses that follow are offered in support of these
claims. v

B. INFLUENCE OF PEﬁMEANT DENSITY INCRFEASE ON HYDRAULIC PERMEABILITY

Both the viscosity and unit weight of a permeant can influence
the permeability of a soll to a particular permeant. The hydraulic
conductlv1ty is defined in this case as a flow Vel@c;ty under
a unit hydraulic gradient {the usual practlce in ecivil engineering).
The influence of permeant density and VlSCOSlty can be ascertained
explicitly by defining another permeablllty, il.e., the tintrinsicg®
or “absolute“ permeability

K =kup . . (1)
¥ - : .
wheres k = hydraulic conductivity, cm/sec 2
K = intrinsic or absolute permeability,‘cm
& = permeant density or unit weight, dynes/cm3
) = permeant viscosity, poise

- The intrinsic permeability(K) is a property only of the
solids or matrix through which the permeant passes. Accordingly,
for a particular soil (i.e., given grain size distributicn and

- 501l structure) and in the absence of permeant-soil reactions,

K should be a constant. The influence of a variation in visco-
sity and density of the permeant on the hydraulic conduct1v1ty
can be determined from this fact and from a relatlonshlp derived
from Eguation 1, viz.,



ko= g @

where: subscript 1 - 1n1t1el conditions (grnd water)
subscript 2 - final conditions (leachate)

An increase in density of the permeant will apparently
cause a higher permeablllty. But, this same increase in
density can also result in an increase in viscosity which
will reduce the permeability. Both influences together will
tend to offset one another, and it is unllkely that a density
increase in the permeant {leachate) will 51gn1flcantly affect
hydraulic conduct1v1ty Furthermore, even 1f viscous.
retardation is discounted, density increases are highly
unlikely to significantly increase permeablllty 1n actual
practice as the follow1ng example will show.

Assume the ground above an aquitard or clay barrier is
flooded with a fairly concentrated brine solution, namely
sea water. The den81ty of sea water (with a TDS of 36,000 ppm}
is 1.036 gm/cg at 4° C vs. the density of the present intersti-
tial water (with an average TDS of 1550 ppm) which is 1.002
gm/cc.  This leads to a den51ty ratio of 1.034 which is equiva-
- lent to only a 3.4 per cent increase in hydraulic conductivity
‘(discounting viscous retardation). . Therefore, density has
little effect on hydraulic conduct1v1ty despite the almost.20
fold increase in dissolved solids concentration. It is the
influence of the latter change, i.e,, the increase 1n dissolved
solids concentration, that requires careful analysis in evaluat-
ing the effectlveness of a clay barrler in contalnlng leachate
migration in this case. -

C. INFLUENCE OF. PERMEANT DENSITY INCREASE ON SOLUTE DIFFUSION

1. Background

Dissolved solids or solutes in a permeant can be trans-
ported through soils under both hydraulic and concentration
gradients. The former is referred to as “drag coupling" and
the latter as "chemico-osmotic diffusion." Both types of
movement should be considered when evaluating the effective-:
ness of a clay barrier for preventing leachate migration.

, Chemico-osmotic effects in fine gralned soils have

been examined in some detail by Olsen (1969) and Mitchell

et al. (1973) The importance of chemico-osmotic diffusion
increases in fine grained soils wilth low hydraulic conducti-
vities. Studies commissioned by the State of California(1971)
on salt intrusion problems in aguifer-aquitard systems have
shown that as aquitards become clay rich and thelr permeabl—.
lities fall to levels on the order of ,002 gpd/ft* or 107
cm/sec, the migration of solutes will be controlled by chemlco
osmotic dlffu81on. :



2. TIiow of Solute under Combined 'ivdr, and Chem. Gradients

Equations can be derived which describe the flows
of solute and solution in the pores of a sediment. The
derivation of these equations and assumptions on which
they are based are given by Mitchell et al.(1973). The
one-dimensional, vertical, steady state fiux of solute
across a clay aquitard under a combined salt concentra-
tion(chemical) gradient and hydraulic gradient is given
by the following relationship:

J = [C¥IRYek, + ok, 19h/6z + [ D + Gkl Do, /32 (3)
wvhere: J; = salt flux across an aguitard, moles/sec/cm™
2h/9z = hydraulic gradient (dimensionless)
ac%/bz = solute concentration gradient, moles/cm4
D = diffusion constant, cm®*/sec
R = gas constant, ergs/mole/°K
¥v = density of water, dynes/cc
T = absolute temperature, °K ‘
Cs = average salt concentration, moles/cc
Kp = hydraulic conductivity, om/sec '

Kely chemico-gsmotic coupling coefficient,
. cm® /mole/sec : :

Relative contributions to the salt or solute Flux
can be calculated from Eguation 3. Movement of solute
can occur by diffusion whether a hydraulic gradient is
present or not. A superposed hydraulic gradient may re-
tard or accelerate movement of solute depending on:

a) Relative magnitude and direction of the hydraulic
and solute concentration gradients.

b} Values of the hydraulic conductivity and chemico-
osmotic coupling coefficient. :

Equation 3 only yields the steady state flux of solute
under combined hydraulic and chemical gradients. Equations
can also be derived that give the initial ‘or time dependent
Sclute fluxes and the time required for "breakthrough" or
first appearance of increased sclute concentration on the
downstream side of the aquitard. This initial, non-steady
state process is quite complicated. Examples have been
worked out for aquitards of different thicknesses and compo-
sition by Mitchell et al.(1973).

One of the most important findings of these studies
on salt flux across clay aquitards was the importance of
aquitard thickness on breakthrough time. Because the ini-
tial movement is non-steady, the breakthrough time increases
with the square of the thickness of the aquitard. Theore-
tical studies of sall water intrusion across aguitards
(State of California, 1971) have shown that salt ions will




take up to 800 years to migrate across an aquitard 30 feet
thick under chemico-osmotic diffusion alone. If the thick-
ness is reduced to 10 feet, the breakthrough time decreases
to only 80 years The presence of an hyd?aullc gradient
could either accelerate or retard this time depending on
the relative magnitude and direction of this gradient and

other factors cited previously (see Figure 3).

Likelihood of Solute Efflux Through Clay at Allen Park Site

Solutes will tend to migrate or diffuse downward from
the landfill along a concentration gradient. On the other
hand, this movement can be impeded or even arrested by ‘
the upward hydraulic gradient as a result of artesian
pressure in the underlying aquifer. Static water levels
in monitor wells around the landfill show that the piezo-
metric surface is almost 10 feet above existing grade or
ground surface elevation at the site (see Table 1). The
net, steady state flux of solute, if any, can be deter-
mined under these conditions from the solute Fflow eguation

cited previously (Equation 3).

It is also pertinent to examine the results of a
similar type of study commissioned by the State of
California (1971), The latter study was designed to
determine salt efflux rates and breakthrough times in' an
aguitard-aquifer system in the coastal ground water
basin near Oxnard, California (see Figure 2). The.
problem posed in the California study was basically the
same as the pre-sent one; namely, given a sudden
increase in dissolved solids or solute concentration
atop a clay barrier (or aquitard) how long before the
salt migrated downward and reached an underlying aquifer
and at what rates of efflux? The problem was compounded

in the California example as a result of drawdown of the

piezometric surface in the underlying aqulfer vhich also
caused a downward hydraulic gradlent

The two aquitards are quite similar in their
important respects. Both are approximately the same
thickness, have the same initial dissolved solids concen-
tration, and are composed of clayey sediments with low
hydraulic conductivities. The salient charateristics

"and parameters of these two agquitards are summarized

and compared in Table 2. The main difference appears
to be in their respective hydraulic conductivities--
the Allen Park clay is an order-of-magnitude lower.

A dissolved solids concentration equal to that of

sea water was assumed in the leachate overlying the Allen
Park clay. Sea water is a good "worst case" choice because
sodium ions have high diffusion mobilities and are not
preferentially adsorbed on clay exchange sites as heavy



TARLE 1. ALLEN PARK CLAY MINE

MONITOR WELL - WATER LEVEL READIKSS

y . () Ground Héter(z) Ground ?gter(3) ) Grgund 42
el Ground Well Elevation Fiévation Elevation fievat
Humber Elevation, Ft. USGS 11-4-81 AN 5-29-8] 3-26-81
2 595.1 600.76 . 60067 26 600.44 600.
g 595.7 605.92 505.09 AE 50462 604,48
7 594. 1 © 597.35 L I R 593.23 59513
10 593.4 " §03.03 © . eot.1 . 8% s0103 601.
W-101 593.9 601.47 o e01.21 7.3
4-102. 5913 §00.81 603.22(4) 1.4
W-103 593,9 - 605.06 603.52 6
H-104 5941 | 603.82 603.81 e
L4-105 594.5 . 604.08 603.86 a4
(1) Well Elevation is recorded as tbp of standpipe. E _ £>mu?ﬁ &.7

(2) Datd écorded by Michigan Testing Engineers, Inc.
(3) Data obtained from Michigan Departmént of Natural Resources.

(4) Well extended temporarily to obtain water level,

. TABLE 1

[S3]
on




- TABLE 2. COMPARISON OF AQUITARD PROPERTIES AND SITE PARAMETERS

AQUITARD PROPERTY OXNARD 'ALLEN PARK
QR SITE PARAMETER - CALIFORNIA ‘ MICHIGAN
Composition clayey silt & silty clay .
silty clays : -
Thickness, ft ' 30 : 25 % 35
Ave, Water Content, % 24 B 20
Ave. Liquid Limit, % 31 | 28
' i ' -% ' . .;8
Ave. Hydraulic Conduct, cm/sec 1 x 10 2.6 x 10
Hydraulic Gradient : 0.33 - 1.0 . 2.7
: _ ' - (dovmward) - (upward)
Initial (interstitial) . : o o
Pore Water Solute Conc, ppm 1800 ' ' 1550
Final Scolute Conc, ppm 36,000 _ 36,000

(assumed)

Chemico-Osmotic Coupling ' -4 : -4
Coefficient, cms/mole/sec 6.2 x 10 6,2 x 10
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Ny AQUITARD
Generalized cross—section of multiple aquifer in a
coastal basin, 8alt flux across aquitard can occur as
result of either salt water intrusion into aquifer (1,2)
or salt water entering directly above aquitard in shallow
coastal waters or marinas (3,4), or from salt contamina—
tlon in near surface, perched aguifer (5).
4
2.0 :

[ I

NaC! CONCENTRATION =0.6 NORMAL
| IN THE OXNARD AQUIFER

PUMPING FROM MUGU-
.Oj— DRAWDOWN = IOFT.

g

4 NO PUMPING FROM MUGU

o
w
l

OI 00 1000 10,000 100,0C0
TIME (YEARS)

Solute efflux across aquitard into underlying aqu1fer as
a result of salt water intrusion in overlying aquifer,
Aquitard ig 30 feet thick and bas a hydrauliec conducti~
vity of 107 7cm/sec Pumping from lower {(Mugu) aqulfer
superposes a 0,33 downward gradient on system.



metal ions would tend to be. The same chomico-osmotic
coupling coefficient used in the California aguitard was
also assumed applicable for the Allen Park clay. The value
used 1s reasonable for the type of clay sediments present.

Results of the California study are presented in Fig-
ure 3 which shows the salt influx into the underlying agqui-
fer as a function of time. Curves are presented for a no
drawdown and 10-foot drawdown case {assuming the hydraulic
gradient acts in the same direction as the salt concentra-
tion gradient). The horizontal portion of the two curves
represents the steady state salt Fiux, .

The main things to notice from this figure are the
large breakthrough time (800 years) for the "no drawdown®
case (i.e., in the absence of any hydraulic gradients)
and the fact that in this aquitard the salt flux
caused by drag coupling under a hydraulic gradient is
larger. The steady state salt flux from the drag coupling
under a combined 10-foot drawdown and salt concentration
gradient is almost three times that from diffusion alone
(no drawdown). Hence, in the event the hydraulic gradient
was reversed, there would be no breakthrough and no down-
ward salt flux provided the upward gradient exceeded about
0,2. 1In other words, under these conditions the two salt
fluxes would be mutally opposed and exactly counterbal§nced.

The relative contributions to steady state efflux in
this example can be calculated with the aid of Equation 3.
The following parameter values (taken from the study) were
used in the calculation: -

2h /2z = 4h /AL = 10/30 = 0.33

3¢ /2z = (Csa,— Cs, /AL = 0.5'971:< 10 = 0.62 x 10 moles/cm4
. 4 | -

g = (csa + C‘S‘l _)./ 2 = (0.60 —_20.03)}_:10 = 0.32 x 10 mol.&zs;/c:rrl3

I

10“'5 cma'/sec

it

D

R = 8.32 x 107 ergs/mole/ K
T = 300 °K

¥ = 10° dynes/cc

K, = ldJrcm/sec

Kew = 6.2 x ldﬁ+ cms/hole/sec

Using these values the calculated contributions to
steady state solute flux are respectively:



H

Drag Coupling: T {(%/RT)CS Koy, T Coky ] @h/az

il

-7 -7
[10% (2x10 ") + ogsleo {10 )% G.33
{8.32x107(.3%x10°3)
—
1.056 x 10 moles/sec/cma

I

- g
= 0.98 x 10 moles/sec/ftl

Chemico-0smotic Diffusion:

_%%=[D4-%mm]a%ﬁk
-5 - -7 -6
{10 + 2x10C ] 0.62x10

- ki
0.63 x 10 moles/sec/cma

I

. - Y "
= 0.58 x 10 moles/sec/ft

The total salt flux is the sum of the contributions
from drag coupling and chemico-osmotic diffusion or

| -8
= (0.98 + 0.58) x10

= 1.56 x 1072 moles/sec/fgh

These calculatlons are in agreement with the results
shown in Figure 3 for steady state salt inflow under com-
bined gradients. They also illustrate that the drag
coupling contribution under a 10-foot drawdown (0.33
hydraulic gradient) exceeds the chemico-osmotic diffusion
contribution.

- In the case of the clay aquitard beneath the landfill
at Allen Park, the average hydraulic qgnductl %ty is almost
an order-of-magnitude lower (2.6 x 10 "vs. cm/sec). '
This will tend to decrease the drag coupllng On the other
hand, this tendency will be more than offset by higher
hydraulic gradients at this site. If the level of the
leachate is kept at or close to the bottom of the landfill,
then the gradient will approcach 80/30 or 2.7. The drag

coupllng component of solute flux in thls case wili be

-8
[ 10® (2x10°7) ¥ 0.32x10° (2.6x10 )] % 2.7
' [ B8.32x107 (L.3x1079) : _ ]

Je

il

1

> ~ i
[ 0.008x10 + 0.832x10 ] x 2.7

-1
2.25 x 10 moles/sec/cm&

-8
2.09 x 10 moles/sec/ft




This flux is greater than 3X the chemico-osmotic Flux;
and since 1t acts in thc opposite direction, there will .
be no net downward flux of sclute at the Allen Park site.
The critical hydraulic gradient to maintailn a zero net salt
~efflux is 0.8. This means that the groundwater table could
rise to within 12 feet of present ground elevation (~595 ft)
in the landfill and there would still be a sufficient upward
hydraulic gradient (drag coupling effect) to completely
counter solute efflux under chemico-osmotic dlffu51on (see
summary below).

Position of Ground Upward ' Net, Steady State

Water Table in the . Hydraulic Solute Efflux Rate
Landfill Gradient (moles/sec/ft™)
At bottom _ 2.7 ~1.51 % 10°°
' (net 1nflux)
12 feet from top 0.8 zero
‘ . ' -8
At top _ 0.33 +0.32 x 10

”Theqe calculations afe based on the existence of a static
or piezometric head in the underlylng aquifer approximately
9-10 feet above ground elevation (see Table 1)

Assumptlon of worst case conditions, namely, a rise
in the groundwater table in the landfill to ground surface
elevation, leads to a small, steady state efflux rate from
chemico~osmotic diffusion. This occurs because the
resulting hydraulic gradient ( 0.33) is no longer large
enough to completely oppose the chemico-osmotic salt flux.
The breakthrough times, however, would be so immense
(i000*'s of years) that the steady state flux under these

"conditions 1s largely irrelevant.

It is important to note that the preceding calculations
are also based on the following "worst case® assumptlons.

1. A hlghly saline leachate w1th a concentration
and copmposition equal to that of sea water.

2. No interaction between the solute and clay.

In actual practice, there would be some uptake and adsorp-
tion of solutes on the clay. This adsorption would
attenuate or limit further solute concentrations in the
leachate as it passed through the clay.



LTL. EVFECT OF LEACHATE CONSTITUENTS ON THE PERMEABILITY OF CLAY

A, GENERAL BACKGROUND

The possibility that leachate--either in the solvent or
solute phase--might affect clay permeablllty and hence its
containment integrity has been raised by a number of investiga-
tors (Anderson and Brown, 1981; Haxo, 1981;:; and Folkes, 1982).

One of these studies has shown that concentrated organic llqulds,
can increase clay permeability by several orders- of magnltude
(Anderson and Brown, 1981). :

All of these studies were conducted in the laboratory
with simulated leachates from particular types of wastes and
under particular testing conditions.  The danger of blindly
applying these test results to a Field situation have been
noted recently by Gray and Stoll (1983). It is essential to
ask the following before the results of these lab tests can
be applled to a given field situation:

1. What was the nature of the leachate in the lab tests?
What are the concentrations of various constituents
in the leachate in the field as opposed to the lab
tests? How relevant are the lab test results in the
1ight of potentially large differences in 1eachate
composition {lak vs. field)?

2. How d1d the 1eachate contact or interact with the clay
in _the lab tests? Was it forced through? If soc, at
what gradient? @Is there any prospect that the leachate
will be able to penetrate/permeate through the clay -
containment in the field in like manner? In other words
are the necessary gradients and other conditions present
to permit this to happen?

3. What was the failure or clay degradatlon,ggocess by
which the apparent permeability lncrease occured in
the lab tests? Was it by a) dissglution, b) syneresis,
-c) piplng7 Could these mechanisms reasonably occur
in the field given the type, water content, and densxty
of the in-situ clay plus the nature and concentration
of organic and inorganic compounds in the leachate?

B. WASTE AND LEACHATE COMPOSITION AT THE ALLEN PARK CLAY MINE

The types, composition, and relative amounts of wastes
placed in the Type II Solid Waste Landfiil at Allen Park are
shown in Tables 3 and 4. The results of typical E.P.T leachate
tests on these wastes are shown in Table 5, The llkely nature
and composition of the landfill leachate can be estimated from this
information. This estimate is adequate for purposes of evaluating
the probable effect of the leachate on clay permeabllity.



- TABLE 3. ALLEN PARK CLAY MINE -
LANDFILL CONSTITUENTS

" Fly Ash
Blast PFurnace Filﬁer Cake
Construction Desbris - Sweepings - (Clean-Up
BOF Dﬁs?

Foundry Seri _

Flectric Purnace Dust

.Céél and boke'

Coke Oven Decanter Tar Sludge
Glass |

Wood Ash

BOP Kish

Wastewater Treatwment Sludge

Grinding Mud - s

SOLID WASTE

|

3

50%
15%-
1hg
6%
6%

4, 8%
3%
0,69
0.5%
'0.5%
0.3%

- 0.2%

. 0.4



I Toric

lron
Cerbon
Arsenic
Barfum
Cedmivm
Chromiun
Lead
Hercury
Selenium
Silver
ranganose
Zing
Fhospherys
Sulfur
Calcium
Haonesium
Alwninum
511{con
Potassium
Sodiom
Fluorine
Cyanide
Phenol
taphthalene

TABLE 4. ALLEN PARX CLAY MINE WASTES., TYPICAL

Dzcanter Tank
Tar Sludge

AS RECEIVED ANALYSES (mg/kgm).

tleciric Arc
Furn, Dust

k]

————
—
———
e
————
R
14
1,870
2,700
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350,000
4. 700
50
<}
95
o0 .
4, 500
<l
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TABLE 5. . ALLEN DARK CLAY MING SOLID WACTIL S
TYPICAL E.DP,'T, LIACIATE TEST RESULTS (Me/1)

' ' - : I'Iu:."i,f_-we:i';:.
Blust Furpace - ROF lMlue Rlast Furnuce ‘Foundry Bor Coke Trealmonry

Parametor Plue Dust st ilter Cake  © Sand . Kish Breeze ISR ITR I
ml':enic 0.0k _ 0.02 (\ 0.1 0.03 0.1 L O.i o0
Barium | 0.8 £ 0,0k 0.8 | £0.08 Z 0.8 £0.8 5
Cadmivm | - o.oL 7 - 0.03 5 Z 0,08 . Z0.005 £ 0.005 '40.005 .005
Chromium L0 £0.05 £ 0.05 £0.1 0.1 £o.1 S U6
Lead £0.2 " 1.7 1.9 0,0 <o=.2 0.2 L
lercury 0.0007 4 O;OJ. ' | 4 0.2_ : - Loz | {0.2 £0.2 LY,
Seleniun 1.0 , | 4 0,Mm , 00 0,10 Gl 4045 : RV
Silver £ 0.1 : £ 0.01 £ 0,01 - £0.1 £0.1 0.1 NP

Couspdd o TR 0t
Tierell 1, J4i



The data in Tables 3 and 4 indicate that 50 per cent of
the solid waste consists of relatively inert fly ash and that
some 89 per cent of the wastes consist of materials that do

not contain significant amounts of heavy metals (Zn, Pb, cd)
Or organics known or suspected to be toxic such phenol and
naphthalene (see Table 4). The coke oven decanter tar sludge
1s a possible source of orgahnics (phenol and napthalene), but
this waste comprises only 0.6 per cent of the total stream in
the Type II Solid Waste landfill.

C., PROBABILITY OF ORGANICS IN LEACHATE AFFECTING CLAY | :
PERMEABILITY AT ALLEN PARK SITE

Anderson and Brown (1981) found that several organic
liguids, viz., aniline, acetone, ethylene glycol, heptane,
and xylene, cause large increases in permeablllty of four com-
pacted clay soils. Pure organic liquids were used in their
study. One of the authors {Anderson, 1982) later emphasized
that their results cannot be used to support claims that clay
liners’ permeated by dilute organic liquids may ke susceptible
to large permeablllty increases.

- Haxo (1981) reported results of up to 52 months of liner
exposure to selected industrial wastes. He included several
organic wastes, namely, aromatic oil, 0il pond 104, and a
"pesticide. The results of large permeameter tests on a compacted
fine-grained scil and admixed materials are summarized in
Table. 6. Although a small amount of seepage passed through
the compacted, fine—grained soil llner, no permeablllty increases
were reported with any of the organic wastes.

On the basis of these studies and with the caveats noted
at the beginning of this section in mind, it is possible to
- evaluate the likely effect of the landflll leachate on clay
permeability at the Allen Park site.

1. Tvype IT Solid Waste Landfill

As noted previously the exmstlng landfill contains
small quantities of coke oven decanter tar sludge which
is a possible source of organics (phenol and
naphthalene), but this waste comprises only 0.6 per
cent of the total. Phenol and naphthalene are present
in the tar component of this waste in concentrations
estimated by Desha (1946) of 0.1 and 2.2 per cent by
velight respectively. Accordingly, the amount of phenol
and naphthalene present in the total waste stream are -
.006 and .013 per cent by weight reepectlvely. These

- amounts constitute a very low fraction and they suggest
that leachate from the total waste stream will tend to

~ have very low concentratlons of phenol and napthalene.

-Therefore, the organics in the leachate from the Type
IT Solid Waste landfill are gquite unllkely to affect
clay permeablllty



TABLE 6.

EFFECTS OF IWDLSTRIAL WASTES ON 50IL A\D ADVIX LINERS
(from Haxo, 1981) :
Lead . © Qily waste :
Liner Acidic waste Alkaline waste (fow lead gas — : Pesticide
maicrial (HNO,, HF, HOAQ) {spent caustic) washing) Aromatic oil Gil pond 104 (weed killer:
Compacied Not tested Measurable rate of secpage k=1.8xi0'o -+ +
fine-grained soil v = 10710 m/s, waste k=24xygl0
305 mm thick penctrated 3-5 em after 30 months (a) k=2.6x 10"
: " (tests on soil
after 30 montis)
Soil cement Not tested No measurable seepage after 30 months
100 mm thick
Medified bentonite Not tested Measurable seepage after- 30 months, channelling of waste Failed 4
and sand (2 types) into bcntomle {b) " {wasle secpage
127 mm thick through liner)
Hydraulic asphalt - Failed Satisfactory Waste stains Not tested Not tested Satisfactory
concrete " below liner _
64 mm thick asphalt mushy
Spray-on asphalt Not tested Satisfactory Waste stains Not tested Not tested Satisfactory
and fabric below liner
8 mm thick

*From data presented by Haxo {1981)

tSame as (a).
$Same as (b).
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2. Type I Hazardous Waste Landfill

In the future the decanter tar sludge will be

~placed in a separate landfill that will be upgraded to
accept hazardous wastes. This action will increase the
relative proportion of organics (phenol and
naphthalene) in the waste stream. Leachate tests run
on pure samples of decanter tar sludge using a
distilled water extraction procedure (Calspan, 1977)
have produced phenol concentrations of approximately
500 ppm. Even this concentration is far removed from
the very high concentrations of organic solvents used
by Anderson and Brown (1981) in their permeability
tests on different clays. Accordingly, organics in the
leachate from the Type I Hazardous Waste landfill are
also unlikely to affect clay permeability.

In summary: It does not appear likely nor reasonakle that
organics present in the wastes at the Allen Park Clay Mine/Land-
fill will cause a permeability increase given their low concen-
tration and the absence of any substantiation in the published
technical literature for such an increase under these conditions.




TV, CONCLI'™:TONS

(1). There appears to be very little likelihcod of ieachaﬁe
migrating -downward from the Allen Park Clay Mine/Landfill and
contaminating the aguifer beneath the clay. i

(2). A density difference between the leachate and groundwater
will have little or no influence on hydraulic permeability
or downward migration nor will it lead to diffusion efflux of

o solutes, A thick, uniform bed of silty clay beneath the site

coupled with an upward hydraulic gradient precludes the latter.
Calculations and analyses are provided herein to support this
finding. ‘ .

will take at least 800 years to migrate across g clay barrier
30 feet thick under chemico-osmotic gradients alone. A counter
(or upward) hydraulic gradient will increase this breakthrough
time even more. : . -

(4). The waste and its leachate are unlikely to increase the
permeability of the underlying clay. This claim is reasonable

in view of the low concentrations of organics in the total,

waste stream and in the 1light of the findings and caveats of
permeability/exposure tests with organic permeants reported
in the technical literature, This conclusion applies to both

(5). The composition of the waste and underlying clay do not
suggest properties or combination of properties that could lead
to a containment failure caused by such processes as piping,
acid/base dissolution, or syneresis. : . :

(6). Under these circumstances any observed ingrease in con-
taminant levels of monitor wells in the aquifer underlying
the site could just as well come from other sources laterally
upgradient from the site rather than  from the clay mine/land-
fill above the site. S '

(7). These findings and conclusions support the basis of .
applicant's petition for discontinuing further monitoring of
the wells penetrating the aquifer beneath the site. '
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